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LETTER  OF  TRANSMITTAL. 


U.  S-  Department  or  Aqeicultubk, 

Bureau  or  Animal  Industht, 

Wasfunffton,  D.  C,  May  S9,  1911. 

Sir:  I  have  the  honor  to  transmit  the  accompanying  manuscript 
entitled  "  The  Improvement  of  the  Fann  Egg,"  by  Harry  M.  Lamon 
and  Charles  L,  Oppennan,  of  the  Animal  Husbandry  Division  of 
this  bureau,  and  to  recommend  its  publication  as  a  bulletin  in  the 
bureau  series.  In  1908  a  careful  survey  of  the  conditions  surrounding 
(he  egg  trade  was  made  and  published  as  Circular  140,  "  The  Egg 
Trade  of  the  United  States,"  wherein  it  was  shown  there  was  a  very 
large  loss  in  our  annual  egg  output,  nearly  all  of  which  was  due  to 
improper  methods  of  handling  on  the  farm  and  at  the  country  store. 
A  conservative  estimate  of  this  loss  was  given  as  17  per  cent  of  the 
total  value,  amounting  to  about  $45,000,000  annually. 

Practically  all  of  this  loss  is  borne  by  the  farmers  and  other  egg 
producers,  and  a  large  part  of  it  should  be  easily  preventable.  In 
order  to  show  how  this  loss  might  be  prevented,  the  bureau  last  year 
sent  the  authors  of  the  present  bulletin  into  the  State  of  Kansas  to 
conduct  investigations  to  this  end.  The  results  of  the  first  season's 
work  are  described  herein. 

It  is  believed  that  Mr,  Lamon,  who  outlined  the  field  work,  has 
struck  the  keynote  in  the  solution  of  the  problem  by  bringing  about 
the  organization  of  the  egg  buyers,  with  the  cooperation  of  the  State 
authorities,  for  the  purpose  of  c<Hnpelling  the  traders  in  eggs  to  buy 
on  a  quality  basis  only — in  other  words,  to  substitute  the  "  loss-off  " 
method  of  buying  for  the  prevailing  "  case-count  "  system.  Prob- 
ably the  best  evidence  that  the  work  of  the  bureau  in  this  matter 
had  been  well  directed  is  the  rapid  spread  of  the  movement  into 
other  Slates. 

The  authors  desire  to  acknowledge  the  assistance  of  Mr.  Alfred  K. 
Lee,  of  the  Animal  Husbandry  Division,  who  was  in  the  field  at  the 
same  time.  They  also  wish  to  thank  the  egg  merchants,  railroad 
officials,  agricultural  college  irfScers,  and  the  State  board  of  health  of 
Kansas  for  valuable  cooperaticm. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 

Hon.  James  WnaON, 

Secretaty  of  Agriculture. 
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DEFINITION  OF  TERMS  USED  IN  THE  EGG  TRADE. 


Candling. — Tbe  prooeas  of  testing  fgs»  by  paning  Ugbt  tbrougb  tbem  Bo  aa 
to  reveal  tb<!  ctmilltlon  of  tbe  eoiiteuts. 

VlicckK. — EggH  wbk'b  are  cmckeal  but  Dot  leaking. 

Leakfrs. — Cnicked  egge  wblch  bave  lost  n  inrt  of  tbeir  contents. 

DirliCM. — Eggs  soiled  wltb  eartb,  droppings,  or  tbe  contenttt  of  broken  egg& 

Rhiod  riiiffi. — HggB  la  which  blood  has  develo))ed,  extending  to  tbe  [>erlod 
when  the  cblck  becomeft  vlslblK 

Floats,  light. — Eggs  In  wblch  embryo  development  bos  proceeded  to  a  point 
corresponding  to  about  18  to  24  hours  of  noraiul  Incubation :  tbey  are  not  readily 
detected  bf  the  casual  observer,  even  when  broken. 

I'ioata,  heavy. — E/gg^  In  which  the  develo[iment  has  proceeded  furtber  than 
Is  tbe  case  with  the  light  floats.  Wbw  broken,  tbe  yolk  has  a  white  and. 
licumuiy  apijearance. 

Rota. — A  term  need  In  tbe  egg  trade  to  designate  eggs  absolutely  unflt  for 
food  purposes. 

Bpott. — Kgga  in  wblch  bacteria  or  mold  growth  has  developed  locally;  and 
caused  the  formation  of  a  lump;  adhesion  on  the  Inside  of  the  sbell. 

Watery  rgg». — Those  In  wblch  the  Inner  membrane  of  tbe  air  cell  Is  rup- 
tured, allowing  the  air  to  escape  into  the  contents  of  tbe  eggs,  and  giving  a 
watery  or  frotby  appearance. 

Weak  epffg. — Those  in  which  by  reason  of  unfavorable  conditions  or  of  age 
the  BtlDneHs  or  viscosity  of  the  egg  white  Is  lessened,  producing  an  («k  which 
does  not  etand  up  well  or  whip  Into  a  Brni  froth. 

Cane  co»nt. — A  term  used  In  egg  buying  where  ^gs  are  accepted  simply  on 
the  ba^s  of  number  without  regard  to  quality. 

Lost  off. — A  term  nsed  In  egg  buying  where  et^s  are  tested  by  candling  before 
being  accepted.  The  bad  e^^s,  usually  tbe  rots  and  broken  eggs,  are  rejected 
and  no  pay  Is  received  for  them. 

Beconda. — A  term  often  used  when  eggs  are  bought  on  a  graded  basla  to 
ileslgnate  usually  the  second-best  grade. 

Flats. — Tbe  square  of  strawboard  wblch  Is  placed  between  layers  of  eggs  In 
the  e^  CftS& 
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THE  IMPROVEMENT  OF  THE  FARM  EGG. 


m  TBOD170TION. 

It  is  an  accepted  fact  thnt  the  commercial  egg  of  this  country  is 
of  a  very  poor  quality,  and  when  tlie  housewife  purcliaHes  eggs  of 
ihe  local  grocer  she  is  often  compelleti  to  break  them  rirst  in  a  saucer 
before  using  them  for  culinary  purposes.  This  poor  quality  in  eggs 
has  been  attributed  by  the  majority  of  persons  to  the  retention  of  tlie 
eggs  in  cold  storage  until  a  large  per  cent  of  them  are  unfit  for 
human  consumption.  This  condition,  however,  is  not  as  a  rule  due 
fo  cold  storage,  but  to  tlie  condition  of  the  eggs  when  they  go  into 
storage.  If  eggs  are  full  and  fresh  when  put  into  a  well-equipped 
and  properly  managed  cold-storage  house  there  is,  practically  speak- 
ing, no  change  in  quality  during  the  period  they  are  normally  held 
which  renders  them  unfit  for  food.  On  the  other  hand,  if  eggs  are 
heated,  shrunken,  watery,  or  otherwise  deteriorated  when  they  reach 
(be  borage  house,  they  can  not  improve  in  quality  by  virtue  of  being 
held  at  a  low  temperature  and  are  quite  likely  to  deteriorate  to  u 
still  greater  extent.  In  other  words,  the  function  of  cold  storage 
in  the  case  of  e^s  is  to  retard  or  prevent  changes  which  are  unfavor- 
able to  good  quality. 

From  the  time  the  eggs  reach  the  poultry  packer  or  other  large 
buyer  of  e^s  they  are  as  a  rule  given  good  care,.and  the  deterioration 
from  this  point  until  tJiey  go  into  cold  storage  or  reach  their  ultimate 
market  is  cranparatively  small.  While  there  is,  undoubtedly,  still 
room  for  improvement  during  this  period  of  the  egg's  journey  to 
market,  conditions  are  on  tlie  whole  too  satisfactory  to  account  for 
the  very  serious  deterioration  which  is  so  widespread  and  marked. 

It  is  therefore  necessary  to  go  further  back  in  the.  process  of 
marketing  and  to  study  tlie  conditions  surrounding  the  production 
and  handling  of  eggs  from  the  farm  to  the  packing  house,  if  a  really 
noticeable  and  substantial  improvement  is  to  be  effected.  The 
Bureau  of  Ajiimal  Industry  has  undertaken  to  grapple  with  this 
probl^n  and  a  report  of  the  preliminary  work  was  published  in 
1909,  as  Circular  140,  entitled,  ■'  The  Egg  Trade  of  the  United 
States."  This  circular  gives  a  bird's-eye  view  of  the  situation  in  all 
wctions  of  the  country  and  forcibly  demonstrates  the  need  of  pro- 
curing more  detailed  information  on  this  subject. 
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10  IMPEOVEMENT   OF   THE  FARM  EOG. 

The  work  described  in  the  present  paper  deals  mainly  with  the 
situation  in  the  Middle  West  and  particularly  in  the  State  of  Kansas. 
The  objects  sought  to  be  attained  are,  to  improve  the  quality  of  com- 
mercial eggs  by  investigations  on  the  ground  to  determine  the  reasons 
for  the  poor  quality  of  eggs  so  frequently  seen,  to  devise  methods  for 
improving  the  present  conditions  economically  and  reduce  the  loss 
to  a  minimum,  and,  by  a  campaign  of  education,  to  disseminate  the 
results  of  the  investigation  in  other  sections  of  the  country  where 
similar  conditions  prevail  in  the  egg  trade.  The  loss  represented  by 
improper  handling  of  eggs  on  the  farm  and  in  the  country  store  is, 
in  the  main,  a  preventable  one.  It  is  borne  directly  both  by  the 
producer  and  the  consumer,  and  affects  the  consumer  also  by  curtail- 
ing the  egg  supply  of  the  country  as  well  as  by  lowering  its  quality. 
By  preventing  this  loss  it  is  possible  for  the  farmer  to  realize  a 
greater  profit  and  for  the  consumer  to  be  more  certain  that  he  is 
purchasing  eggs  of  reasonably  good  quality. 

EXTENT  OP  THE  INDUSTRY. 

There  is  probably  no  other  domestic  animal  which  has  a  more  gen- 
eral distribution  than  the  hen,  and  the  part  which  she  plays  in  the 
agricultural  wealth  of  this  country  is  almost  incredible.  According 
to  the  most  recent  statistics  of  the  Department  of  Agriculture,  the 
products  of  the  American  hen  aggregate  a  total  value  of  more  than 
$620,000,000  annually.  This  sura  is  stated  to  be  equal  to  the  value 
of  the  hay  crop  for  1908  and  greater  than  the  combined  value  of  oats 
and  potatoes  for  the  same  year.  It  is  nearly  nine  times  the  value  of 
the  tobacco  crop  and  equal  to  that  of  wheat. 

Poultry  and  e^s  are  produced  in  all  sections  of  the  country,  but 
the  business  finds  its  greatest  scope  in  areas  presenting  the  most  favor- 
able conditions.  It  is  a  noticeable  fact  that  the  bulk  of  these  impor- 
tant products  is  produced  on  the  farms  of  the  Mississippi  Valley. 
In  this  section  there  are  practically  no  large  intensive  poultry  farms 
such  as  are  commonly  found  in  the  Eastern  States  and  on  the  Pacific 
coast.  Poultry  keeping, therefore, is  largely  incidental, the  hensbeing 
considered  and  treated  largely  as  an  agency  for  converting  material 
which  would  otherwise  go  to  waste  into  a  salable  product.  Conse- 
quently the  poultry  and  eggs  produced  constitute  merely  a  by-product 
of  the  general  farm.  Because  prices  for  poultry  products  are  com- 
paratively low  the  fanners  make  no  effort  to  keep  larger  flocks  than 
can  be  supported  by  this  waste  without  much  attention  or  extra  feed, 
iind  because  individual  flocks  are  small  little  attention  or  thought  has 
been  given  to' improving  the  product  or  the  method  of  disposing  of 
it.  It  should  be  kept  in  mind,  however,  that  while  individual  sales 
of  poultry  products  are  small,  the  aggregate  for  the  year  is  large, 
reaching  for  each  State  in  the  Middle  "West  a  total  of  many  millions 
of  doUar^._.   _    .  . 
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The  estimate  of  the  author  of  Circular  140  of  this  bureau  places 
the  annual  loss  for  the  entire  country  at  17  per  cent  of  the  total  value 
of  the  crop,  or  $45,000,000  annually.  A  vivid  idea  of  what  this  loss 
means  to  the  State  of  Kansas  alone  may  be  obtained  from  the  follow- 
ing statement  contained  in  a  circular  letter  distributed  by  the  packers 
and  car-lot  shippers  of  that  State: 

It  Is  tbe  belief  of  tbose  wbo  are  In  a  position  to  know  tbat  tbe  valne  of  tbe 
egg  product  of  tbe  State  of  Kansas  would  b«  Increaaed  approximately  Sl.000,000 
amnially  If  proper  care  were  taken  of  tbe  product  bj  tbe  farmer  and  merchant. 

More  accurate  figures  show  that  the  loss  varies  during  the  year 
from  5  to  25  per  cent,  depending  largely  on  the  time  of  year  and 
weather  conditions. 

The  following  table  gives  a  condensed  report  of  the  total  receipts 
of  three  Kansas  egg  buyers  during  the  months  of  July,  August,  and 
September,  1910,  showing  the  number  of  rots  thrown  out  as  the  result 
of  candling  as  well  as  the  number  of  seconds  and  checks  in  two 
instances : 
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Local- 
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40 
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l\ 
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ToUU 

na,cto 

M3,BW|7(L3 

7»,011 
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1.0 
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It  will  be  seen  by  an  examination  of  the  above  table  that  the  total 
receipts  of  the  three  localities  were  706,569  dozen.  At  15  cents  a 
dozen,  which  is  about  the  average  price  for  "  firsts "  during  the 
months  of  July,  August,  and  September,  the  value  of  the  total  re- 
ceipts would  be  $105,985.35.  However,  152,970  dozen,  or  21.7  per 
cent,  of  these  eggs  did  not  pass  as  "  firsts."  Of  this  number  86,521 
dozen  were  classed  as  seconds  (which  includes  checks),  and  66,449 
dozen  were  "  rots."  It  will  be  noticed  that  locality  A  does  not  dis- 
criminate against  seconds  and  checks.  This  condition  makes  the 
actual  loss  in  seconds  and  checks  less  than  it  would  be  under  the 
candling  ^stem  of  localities  B  and  C.  The  per  cent  of  "  firsts  "  is 
also  necessarily  greater.  When  buying  on  a  loss-off  basis  the  price 
paid  for  seconds  is  from  1  to  8  cents  per  dozen  less  than  the  price  of 
firsts.    At  6  cents  this  would  mean  a  loss  of  $5,191.26  in  localitleK  B 
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and  C.  The  06,449  dozen  "  rots  represent  a  loss  of  $9,967.35.  Thus 
there  is  from  eggs  thrown  out  and  from  those  depreciated  in  quality  a 
total  loss  of  $15,158.61,  or  14.3  per  cent  of  the  original  value,  and  this 
does  not  include  the  possible  losses  from  seconds  and  checks  in 
locality  A. 

The  following  table,  pving  the  weekly  receipts  of  still  another 
buyer,  diows  the  percentage  that  were  classed  as  "  firsts  "  during  the 
months  of  June  to  October,  1910,  inclusive. 

Table  2. — Prreentaffe  of  egg*  c}a»»ed  a»  firttt  tn  tcfcklg  rcccfpis  '■/  one  bavt:r. 


Week 

■ssr 

Week 

beginning- 

■SST 

Week 

offlrMSf 

i-fi        t~ 

juneii:;;:::!      msi 
)Siy9:;:::;:|     m.^ 

July  18 

iSJS.:;:: 
St;:: 

Aug.M 

80.67 

Ik 

SI---- 

St  :::: 
&»;::: 

W.S1 

Oct.  8 

Oct.  IS 

Oct.  a 

Oot-M 

M.'34 

The  figures  given  above  are  based  on  an  average  weekly  business  of 
15,000  dozen  eggs.  The  decline  in  quality  with  the  increased  severity 
of  the  summer  heat  can  be  readily  traced.  This  decline  reached  its 
maximum  during  the  last  week  of  July  and  the  first  week  of  August, 
when  the  weather  was  unusually  warm.  After  this  time  the  number 
of  eggs  classed  as  "  firsts  "  rapidly  increased.  It  should  be  kept  in 
mind,  however,  that  in  classing  these  eggs  as  "  firsts,"  practically  all 
except  "  rots,"  sjjots,  blood  rings,  badly  heated  eggs,  and  broken  eggs 
were  included.  The  apparent  impi'ovement  does  not,  therefore,  indi- 
cate that  there  had  been  any  improvement  in  shrunken  eggs  or  others 
less  badly  deteriorated. 

These  two  tables  show  a  serious  condition,  which,  moreover,  is  not 
limited  to  the  particular  cases  specified,  but  is  widespread  and  com- 
mon. Under  the  case-count  system  of  buying  the  producer  stands 
this  loss,  although,  as  will  be  explained  later,  he  does  not  realize  it 
How  much  better  it  would  be  for  a  system  of  marketing  to  be  brought 
into  general  use  which  would  make  him  realize  this  loss  directly  and 
thei-eby  provide  an  incentive  to  market  his  eggs  in  a  more  careful  and 
rational  manner.  The  so-called  "  loss-off  "  is  such  a  system.  Needless 
to  say  a  strong  effort  is  being  made  by  this  bureau  to  encourage  the 
introduction  of  this  system. 

FACTOBS   ISTLXrESClSa   QUALITT   IS   EOOS. 


THE  CASE-COUNT  SYSTEM  OF  BUYING. 

Viewed  from  the  standpoint  of  progress  and  the  improvement  of 
the  poultry  industry  of  the  Middle  West,  the  system  of  marketing  in 
general  use  in  this  great  producing  section  known  to  the  trade  as  the 
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"case-count"  system  has  proven  a  great  stumbling  block.  It  is  a 
system  of  payment  for  number  alone  regardless  of  quality,  and  in 
consequence  it  has  not  only  not  provided  an  incentive  for  care  and 
attention  to  quality,  but  by  neglecting  to  reward  carefulness  has  even 
encouraged  careless  and  dilatory  marketing  on  the  part  of  farmers, 
with  the  attendant  loss  in  quality.  Briefly,  case-count  buying  con- 
sists of  the  payment  of  (he  fixed  price  which  happens  to  be  current 
at  the  time  for  each  and  every  dozen  eggs  which  may  be  offered  for 
sale,  regardless  of  whether  the  e^s  themselves  are  good,  bad,  or 
indifferent.  The  only  requisite  in  most  cases  to  consummate  a  sale 
is  for  each  egg  to  hare  an  intact  shell.  The  case-count  system  of 
buying  e^s  may,  therefore,  be  said  to  be  the  greatest  factor  in  pre- 
venting an  improvement  in  the  general  quality  of  cc»nmercial  eggs. 
No  more  practical  step  can  be  taken,  or  one  which  would  have  a 
more  immediate  and  far-reaching  effect  in  improving  the  quality  of 
the  e^s  of  the  Middle  West,  than  to  discard  this  system  of  buying 
and  (o  replace  it  by  the  one  known  to  the  trade  as  "  loss-off,"  in  other 
words,  to  buy  on  a  candled  or  quality  basis. 

THE  LOSa-OFF  SYSTEM  OF  BUTINO. 

Where  this  system  is  in  use  the  eggs  as  bought  are  "  candled," 
that  is,  subjected  to  a  test  which  shows  quite  definitely  their  con- 
dition and  quality.  Candling  is  performed  by  holding  the  eggs  up 
to  a  small  bole,  about  the  size  of  a  half  dollar,  cut  in  a  shield  of 
metal  or  other  material,  behind  which  is  a  strong  light.  Usually 
this  light  is  furnished  by  an  ordinary  IG-candle  power  incandescent 
light,  but  a  lamp,  candle,  or  even  the  sunlight  may  be  utilized.  The 
person  candling  the  eggs  is  in  a  dark  or  semidnrk  room,  so  that  the 
light  shines  through  the  eggs,  and  when  the  latter  are  twirled  the 
condition  of  the  contents  is  at  once  revealed  to  an  expert  eye.  By  thi« 
test  it  is  possible  to  detect  rots,  spots,  and  other  deteriorated  eggs, 
sudi  as  shrunken,  weak,  watery,  and  heated  eggs.  In  paying  for 
eggs  bought  on  this  basis,  the  rots  and  usually  the  spots  and  blood 
rings  are  thrown  out  entirely,  so  that  they  become  a  dead  loss  to  the 
person  responsible  for  them.  Often  in  buying  from  the  farmer  no 
other  distinction  is  made.  The  eggs  are  simply  divided  into  two 
classes,  one  of  which  is  good  enough  to  accept  and  pay  for  while  the 
other  is  rejected  and  payment  therefor  is  refused.  Such  a  classification 
is  a  distinct  step  forward  and  results  in  a  great  improvement  in  the 
eggs.  Indeed,  there  are  many  reasons  to  believe  that  such  a  simple 
system  is  preferable  when  dealing  with  the  farmers  to  a  more  com- 
plicated one  where  the  eggs  are  placed  in  several  grades,  according 
to  quality,  and  for  which  different  prices  are  paid.  In  the  latter 
case  the  fanner  is  prone  to  think  that  he  is  being  cheated  if  a  part 
of  his  e^s  are  accepted  but'bring  a  less  price  than  the  others. 

-logic 
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The  agency  indirectly  responsible  for  the  opposition  to  this  method 
of  buying  and  for  the  ccmtinuance  of  the  case-count  ^stein  is  the 
country  store. 

THE  COUNTRY  STORE. 

It  has  been  the  custom  from  the  time  towns  were  settled  through- 
out the  West  for  the  country  store  to  handle  the  eggs  in  most  in- 
stances. 

The  peculiar  workings  of  this  system,  together  with  its  baleful 
effects,  have  been  well  discussed  by  Milo  M.  Hastings  in  Circular  140 
of  this  bureau.    He  says: 

The  trips  to  the  geaeml  store,  necesaarr  to  supply  the  household  needs,  offer 
the  moat  convenlrat  opportunltr  for  this  marketlog;  but  there  Is  a  reasoQ  for 
the  ^neral  merchunt  being  an  ^g  buyer  that  is  more  interesting  and  far- 
renchlng  in  Its  effeet  upon  tbe  egg  trade.  The  nierchnnt  buys  eggs  hecanse 
by  doing  so  he  can  control  his  selling  trade.  There  are  two  reasons  why  tlie 
farmer  ti-udes  where  he  setu  his  eggs:  (1)  Because  It  Is  courenteat  to  trnde 
at  one  piece,  and  (2)  tiecause  he  wishes  to  avoid  offending  tbe  merchant,  whicb 
he  would  do  If  he  broke  the  established  custom  of  trading  out  the  amount. 

The  merchant  Icnows  that  to  buy  eggs  means  to  sell  goods,  and  he  therefore 
bids  for  eggs.  His  competitors  in  the  same  town,  as  well  as  In  other  towns, 
also  bid  for  eggs.  The  effect  to  the  mercliant  of  lowering  the  price  of  hie  goods 
or  raising  the  price  of  eggs  Is  flnanclaily  the  same.  In  either  case  It  Is  the 
mntter  of  cutting  prices  under  the  spur  of  competition.  Now,  tbe  articles  on 
which  the  merchant  makes  his  chief  profits  are  dry  goods  and  notions.  8ucb 
artlcleH  are  not  stnudnrdlzed,  but  tlietr  real  value  varies  In  a  manner  qnlte  im- 
possible of  estimation  by  the  unsophisticated.  On  the  other  baud,  eggs  are 
quoted  by  the  dozen,  and  all  who  run  may  read. 

Suppose,  for  Illustration,  two  merchants  in  the  same  town  are  each  doing 
business  with  a  20  per  cent  profit  and  are  buying  eggs  at  10  cents  and  selling 
for  11.  tbe  1  cent  advsnce  being  sufficient  to  pay  for  the  labor  of  handling.  In- 
cidental loss,  nnd  a  small  profit.  One  merchant  concludes  to  enter  for  more 
trade.  If  be  marks  bis  goods  down  he  will  gain  some  extra  trade,  but  people 
will  fear  bis  goods  are  cheap.  But  let  htm  put  out  a  pincard  "  Eleven  cents  paid 
for  egga."  and  the  formers  will  throng  his  store  and  be  less  inclined  to  question 
the  quality  of  his  goods.  This  move  bsilng  been  successful,  his  rival  across 
tbe  street  quietly  stocks  up  with  a  cheai)er  line  of  dry  goods,  and  one  fine 
morning  puts  out  h  card.  "Twelve  cents  paid  for  eggs,"  and  more  farm  wagons 
Will  be  hitched  on  his  side  of  tbe  street.  The  volume  of  business  at  the  lower 
profit  being  Inaii&lcient  to  maintain  two  men  In  the  town,  a  mutual  understand- 
ing ia  gradually  brought  alMut  by  which  tbe  prices  of  goods  sold  are  worked 
hack  to  the  biisis  of  20  ]>er  cent  gross  profit,  hut  the  false  price  of  eggs  servea 
to  draw   trade  from  neighboring  towns,   and   Is  maintained   at   the  higher 

As  a  matter  of  fact  the  price  paid  to  fanners  for  eggs  by  the  general  stores 
of  tbe  Mississippi  Valley  Is  frequently  1  to  2  cents  above  the  price  at  which  tbe 
storekeeper  sells  the  product.  Allowing  the  cost  of  handling,  we  have  a  con- 
dition prevailing  In  which  the  merchant  is  handling  eggs  at  from  5  to  10  per 
cent  loss,  and  It  atanda  to  reason  that  he  Is  making  up  tbe  loss  by  adding  to 
the  prices  of  his  gooda 
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Some  of  the  eBectB  of  tbis  synteii)  nre : 

1.  The  Inflated  |irloe  of  merchiiD(li(«  Is  nu  iiiJuRlloe  to  the  tovniipeople  and  to 
Tannera  not  selUnf;  produce;  In  fnct.  It  amounts  to  ii  taxation  of  tbeae  people 
for  the  beDeflt  of  the  ckr  iirodiii-ere. 

2.  The  lullHted  iirlcee  of  the  luiTchaiit'fl  warea  work  to  his  own  dlwdvautage 
Id  cum[ietltton  with  niall-oriler  or  oiit-of-(owii  trude. 

^  The  fiirnier  who  exchanges  eR^'s  for  dry  tiootls  In  not  helug  paid  more  fur 
his  egf,^  fiiye  as  the  tax  on  the  townt<[ieo[ile  coiilribntM  a  little  to  that  eod.  but 
Is  to  the  main  merely  excbitDKlug  more  dollars. 

i.  The  use  of  egga  as  a  drawlnp  card  for  trade  works  In  ftivor  of  Inferior 
prodiK%  and  the  loss  to  the  farmer  through  the  lowering  of  prlcM  thus  caused 
is  much  greater  ttian  his  gain  through  the  forced  coutrlbutlons  of  his  netghbora. 

DELAY  IX  MOVING  BOOS. 

The  <]elay  which  tnkeB  place  frotn  the  time  the  eggs  are  produced 
on  the  farm  until  they  reach  the  packing  lioiise  or  car-lot  shipper  is  a 
direct  result  of  the  case-count  system  of  buying.  This  delay  is  most 
serious,  and,  coupled  with  weather  conditions,  it  is  responsible  for 
the  changes  occurring  and  the  loss  and  deterioration  caused.  Inci- 
dental to  the  delay  and  the  ignoring  of  the  necessity  for  good  quality, 
many  careless  habits  develop  in  handling  the  eggs.  On  the  farm 
this  usually  takes  the  form  of  negligence  in  gathering  the  eggs,  also  in 
storing  them  in  hot,  damp,  or  other  unsuitable  places,  and  in  holding 
them  for  a  considerable  length  of  time,  either  because  it  is  not  con- 
venient to  go  to  town  or,  in  the  fall  on  a  rising  market,  with  the  idea 
of  getting  a  better  price.  At  the  country  store,  also,  the  eggs  are 
often  held  for  a  considerable  length  of  time.  When  the  eggs  finally 
reach  the  packer  they  may,  therefore,  be  several  weeks  old,  and  na 
they  are  subjected  to  high  temperature  during  the  summer  and  earh' 
fall  months,  and  may  have  been  held  in  damp  places,  changes  often 
take  place  which  bring  them  under  one  or  other  of  the  following  well- 
recognized  classes. 

CLASSES  07  DETEBIOBATED  EaQS. 

HEATED  EOGS. 

Heated  eggs  occur  most  commonly,  of  course,  during  the  summer 
months.  They  are  caused  by^  the  development  of  the  embrj-o  in  fer- 
lile  eggs.  Whenever  a  fertile  egg  is  subjected  to  proper  conditions  of 
heat  and  moisture,  whether  it  be  under  a  hen,  in  a  bucket  behind  the 
kitchen  range,  or  in  an  egg  case  in  the  hot  sun  on  the  railroad  station 
platform,  the  embryo  development  proceeds.  The  degree  to  which 
this  development  has  progressed  will  determine  into  which  of  the 
classes  or  grades  recognized  by  practical  egg  men  it  will  fall. 
"  Light  floats  "  are  those  in  which  there  is  only  a  slight  development, 
approximately  equal  to  that  reached  at  the  end  of  18  or  24  hours  of 
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natural  incubation.  Usually  this  development  would  go  unnoticed 
when  the  egg  is  broken.  "  Heavy  floats  "  show  a  greater  develop- 
ment, usually  sufficient  to  be  noticed  on  breaking.  "Blood  rings" 
are  characterized  by  the  appearance  of  a  ring  of  blood  next  to  the  shell 
membrane.  In  these  eggs  the  developing  embryo  has  died,  and  the 
peripheral  blood  vessel  has  adhered  to  the  membrane  and  is  plainly 
visible  before  the  candle.  In  other  cases  the  development  proceeds 
until  the  growing  chick  is  visible  before  the  candle.  Many  of  the 
eggs  that  contain  well-developed  chicks  are  classed  as  rots.  In  ex- 
ceptional cases  the  development  may  proceed  until  the  egg  actually 
hatches  in  the  egg  case  or  wherever  else  it  may  be. 

HELD  OR   SHRUNKEN    EGGS. 

The  contents  of  a  fresh-laid  egg  completely  fill  it,  but  as  the  egg 
cools  the  contents  shrink  slightly,  causing  a  small  bubble  or  air  cell 
to  appear  at  the  large  end.  As  the  egg  grows  older  the  water  is  con- 
tinually evaporating  from  the  white  through  the  shell  membrane  and 
the  shell,  and  this  causes  the  air  cell  in  the  large  end  of  the  egg  to 
increase  in  size.  Such  an  egg  is  characterized  as  held,  or  shrunken. 
The  rapidity  with  which  this  evaxtoraticm  and  shrinking  progresses 
depends,  of  course,  upon  the  humidity  of  the  air  surrounding  the  egg. 
Shrunken  eggs  are  most  common  during  the  fall  and  early  winter, 
when  the  price  of  eggs  is  rising.  At  this  time  both  the  farmer  and 
the  storekeeper  are  often  guilty  of  holding  eggs  in  the  hope  that  the 
price  will  have  advanced  by  the  time  they  are  ready  to  sell.  Needless 
to  say,  they  largely  defeat  themselves,  for  buyers  have  learned  to 
anticipate  this  condition,  and  consequently  depress  the  price  below 
what  it  would  otherwise  be. 


A  number  of  different  kinds  of  rots  are  recognized  by  the  trade,  but 
the  two  most  common  classes  are  those  known  as  black  or  mixed  rots 
and  as  spot  rots  or  spots.  The  black  rot  is  often  caused  by  bacterial 
growth.  These  eggs  appear  dark  or  black  before  the  candle  and  are 
characterized  on  breaking  by  a  most  offensive  odor.  In  the  case  of 
spot  rots,  the  bacterial  growth  has  remained  localized  and  shows  as 
a  spot  or  patch  next  the  shell  and  usually  attached  to  it.  These  are 
easily  detected  on  candling.  Spots  are  also  often  caused  by  the  de- 
velopment of  molds. 

DIRTY  EGC8. 

Many  eggs  are  soiled  and  dirty.  Tliese  are  caused  by  dirty  nests, 
thus  allowing  the  eggs  to  be  soiled  by  droppings,  by  dirt  from  tlie  feet 
of  the  fowls,  particularly  during  rainy  weather,  and  by  smearing  with 
the  contents  of  broken  or  cracked  eggs. 

UigitzectyGoOJ^IC 
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BBOKEN   E0G8. 

Many  eggs  are  cracked  or  broken  before  reaching  the  packing  house. 
Thoee  cracked  only  slightly,  so  that  the  egg  Qontents  do  not  leak  out, 
are  known  as  *'  checks."  Thoee  in  which  the  egg  contents  are  leaking 
or  have  partially  leaked  away  are  known  as  "  leakers."  Broken  or 
"checked"  eggs  depreciate  rapidly  and  must,  therefore,  be  separated 
out  and  sold  for  immediate  consumption  at  a  reduced  price  or  they 
must  be  dried  or  broken  out  in  cans  and  frozen. 

OTHER  DETEBIORATED  EOOS. 

As  eggs  are  very  prone  to  take  on  the  taste  and  odor  of  their  sur- 
ronndingE,  a  cimsiderable  number  deteriorate  in  this  respect.  If 
stiwed  in  damp  cellars,  they  are  likely  to  develop  a  musty  flavor  which 
is  practically  impossible  to  detect  without  tasting.  Other  flavors 
caused  by  storing  with  vegetables,  such  as  onions,  are  common. 

1CSTH0D8  V8ED  FOB  THE  HCPBOVEXENT  OF  THE  FABH  EOQ. 

In  attacking  this  problem  the  bureau  ctmcentrated  its  efforts  upon 
thone  measures  which  were  considered  the  most  important  and  gave 
promise  of  accomplishing  (he  most  good.  The  two  main  lines  were: 
First,  the  encouragement  of  the  loss-off  system  of  buying,  and  second, 
a  close  and  careful  examination  of  the  conditions  surrounding  the 
marketing  of  eggs  all  the  way  from  the  producer  to  the  packing  house. 
The  State  of  Kansas  was  selected  as  a  working  base  for  three  reasons: 
First,  the  output  of  eggs  is  enormous,  but  the  quality  has  usually  been 
low.  Second,  the  buyers  of  the  State  had  already  made  at  least  one 
attempt  to  enf»wce  the  loss-off  system  of  buying,  which  indicated  a 
receptive  spirit  on  their  part.  Third,  the  statutes  of  Kansas  contain 
provisions  giving  the  State  board  of  health  abundant  authority  to 
prevent  the  sale  of  bad  eggs  within  the  State. 

The  first  attempt,  above  alluded  to,  of  enforcing  the  loss-off  system 
of  buying  failed  because  the  buyers  along  the  borders  of  the  State  met 
competition  from  adjacent  States  where  the  case-count  si'stem  was  in 
operation  and,  bec<Hning  discouraged,  in  self-defense  resorted  again 
to  the  case-count  system.  The  other  buyers  of  the  State  in  turn  felt 
compelled  to  return  to  the  case-count  basis,  and  the  entire  agreement 
soon  fell  to  pieces. 


The  first  step,  therefore,  was  to  get  the  buyers  together.    With 
the  cooperation  of  officers  of  the  State  board  of  health  and  the  Kan- 
sas  State  Agricultural   College,   a   meeting  of  the   Kansas  Carlot 
Egg  Shippers'  Association  was  held  at  Topeka  on  June  10,  1010, 
100717°— Bull.  1-il— 11 3 
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where  an  agreement  was  entered  into  to  buy  strictly  on  a  loss-off 
basis  after  July  1,  1910. 

The  proceedings  of  the  meeting  resulted  in  the  adoptiwi  of  the 
following  i-esolutions : 

First.  Ybat  Dr.  Crumblne  have  cards  and  clrcnlars  printed  and  mailed  to 
every  meivhant  that  handles  ^gs  In  the  State  of  Kansas,  the  association  bear- 
ing Hie  expense. 

Second.  That  buyers  send  ont  circulars  to  ttaelr  patrons,  throngb  tbelr  offices, 
relative  to  their  attitude  on  the  marketing  of  ^gs. 

Third.  The  t^m  designating  loss-off  Includes  all  rota,  spots,  blood  rings,  and 
leakers. 

Fourth.  That  Dr.  Crnmbtne  and  O.  C.  Bowman  shall  draft  and  have  printed 
cfrcntars  to  be  sent  to  rtilppers  for  distrlbntlng  to  tbeir  patroas. 

E^ftb.  Tliat  buying  on  a  loss-off  basis  shall  commence  July  1, 1910, 

Sixth.  That  the  members  of  the  association  shall  sign  the  following  agreft- 
mmit: 

''  We  the  andereigncd  egg  ehlppera,  hereby  agree  tbat  from  and  after  July  1, 
1910,  we  will  buy  all  eggs  loss-off,  said  loss-off  to  include  all  rots,  spots,  blood 
rings,  and  leakers" 

The  following  circular  was  drafted  and  mailed  by  members  of  the 
BESOciation  to  the  dealers  throughout  the  State  from  whom  they  drew 
tbeir  supplies. 

TO  OOB  P 


The  pil<«e  current  on  Kanras  egga  on  the  etistem  market  Indicate  tbat  the 
Kansas  egg  has  a  "  bad  Bene."  Tbls  deplorable  condition  la  the  natural  and 
Inevitable  result  of  buying  and  shipping  eggs  by  the  "  case-count "  system,  or, 
ns  one  man  graphically  expreseed  the  situation,  "everything  with  a  shell  goes 
In  Kansas."  Tbls  lowered  price  of  tbe  Kansas  product  means  a  grent  loss  to 
the  producers  and  buyers  of  n  wholesome  article,  which  can  never  be  remedied 
until  the  ^g  unflt  for  food  is  eliminated  from  the  channels  of  trade.  It  Is  the 
belief  of  those  who  are  tn  a  position  to  know  that  the  value  of  the  egg  product 
of  Kansas  would  be  Increased  approximately  $1,000,000  annually  If  pr(4»er  care 
Is  taken  of  the  product  by  the  farmer  and  merchant. 

An  egg  that  will  grade  a  first  or  extra  when  delivered  by  the  farmer  will 
rapidly  deteriorate  Into  a  second  or  even  a  third  If  held  for  only  a  short  time 
during  the  heat  of  summer.  Therefore,  the  farmer  should  gather  his  eggs  at 
least  twice  a  day,  put  tliem  In  a  cool  j^ace,  and  deliver  them  to  the  merchant 
at  least  every  second  day,  and  the  merchant  in  turn  ship  daily  during  tbe  hot 

We  desire  also  to  call  your  attention  to  the  fact  that  tbe  GoTemment  baa 
shown  considerable  activity  of  late  In  the  seizure  of  tbe  eggs  entering  Into 
Interstate  commerce  which  have  not  complied  with  the  national  food  and  drog 
law  In  that  there  were  many  of  them  unfit  for  food. 

The  State  authorities,  cooi>erat1nR  with  the  Federal  Oovemment,  are  insisting 
that  the  sale  of  eggs  unfit  for  fond  shall  cense.  There  is  only  one  method  of 
bringing  about  the  results  above  Indicated;  namely,  tbat  of  buying  "loss  off." 
By  putting  Into  action  tbe  atwve  suggestions.  In  bandllng  and  carefully  candling, 
It  has  been  agreed  tbat  beginning  Jnly  1,  1910,  all  eggs  sball  be  purchased  on 
tbe  "  IorS-oH  "  basis. 

I  We  want  every  merchant  to  cooperate  with  us  by  cundtlng  all  ^cgs  and  ship 
them  dally,  and  further.  Instruct  the  producers  to  gather  eggs  at  least  twice  a 
day,  put  them  in  a  cool  place,  and  market  them  every  other  day. 

_ .  ,,  Google 
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Profiting  by  the  failure  of  the  former  attempt  to  bring  about  the 
loss-off  system  of  buying,  the  support  of  the  State  board  of  health 
was  early  enlisted  in  the  cause.  This  was  an  important  step,  with- 
out which  the  movement  would  have  met  the  same  fate  as  its  prede- 
cessors, for  the  activity  of  the  State  board  of  health  served  to  keep 
wavering  buyers  in  line  through  fear  of  prosecution  for  handling 
bad  eggs.  It  is  a  pleasure  to  state  that  the  secretary  of  the  board, 
Dr.  S.  J.  Cnimbine,  was  most  active  in  supporting  the  movement 
and  lent  the  force  of  his  department  to  its  successful  operation. 
Placards  (as  below)  were  printed  and  posted  in  about  3,000  stores 
throu^out  the  State  where  eggs  were  bought  or  sold. 


tVARNINO— BAD  E 


Tbe  Ksmos  food  and  dniia  la*  lorblds  the  sale  oToflstnn  for 
ale  of  B(Xi  uaflt  Tm  human  Awd.  ■'Ste,  T.  Subdlvttlon  slilb: 
ItitooiulslslDwIiolearlnianotsflllby.dHMmiXKed.Ulutsd, 
or  puuld  animal  or  veneUiJle  subsUuu*,"  etc. 

Ftre-Il.  Vtr.C:  "Theule.kefplniiCHttle.atoOCrlaglixnle    I 
otwinledortoiwneggsla  problblied."  I 

IntptcttrtofOiiiiiiartwirat.aiiiallpoOciiiMcmafilitSUii.tTe 
iaariKUd  to  nearer  Hat  pnvuiaTu  of  Af  late, 

Kansas  State  Boakd  or  IIialth,    | 
BflbeChLoI  Food  and  Drue  Iiuincltir. 
ToFiEA,  Ilanias,  lone  II,  Idio. 


INVESTiaATION     OF     CONDITIONS     BUBBOTTNDINQ     THE     BOO 
INBD8TET. 

After  the  above  buying  agreement  hnd  l)een  accomplished,  and  the 
assistance  of  the  State  authorities  assured,  the  efforts  of  the  bureau 
were  at  once  directed  to  a  comprehensive  study  of  the  conditions  in 
the  field  and  a  campaign  of  education  was  immediately  begun  among 
the  Kansas  farmers.  The  following  account  of  the  methods  used  in 
making  this  study  may  serve  as  a  guide  to  similar  work  which  may  be 
undertaken  in  other  States. 

As  the  first  step,  a  packing  house  was  selected  whose  manager  was 
in  sympathy  with  and  believed  in  the  practical  pood  to  be  accom- 
plished by  such  a  study.  The  association  with  such  a  packing  house 
made  it  possible  to  investigate  shipments  of  eggs,  wlienever  desired, 
from  their  origin  on  the  farm,  and  to  observe  the  changes  whicli 
might  occur.  By  virtue  of  enjoying  the  confidence  and  friendMhip 
of  tbe  manager,  it  was  also  possible  to  get  into  touch  with  some  of 
the  smaller  buyers  and  stores  shipping  eggs  to  him.  Through  thew 
buyers  and  storekeepers  it  was  again  pa'ssible  to  make  the  acquaint- 
ance and  secure  the  confidence  of  the  farmers  fumiHhing  themwith 
eggs.    Thus  a  complete  chain  was  established  from  the  farm  to  the 
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packing  house,  all  parts  of  which  had  a  direct  interest  in  the  egg  busi- 
ness, and  all  of  which  were  willing  to  give  the  bureau  any  help  pos- 
sible. The  conditions  found  as  a  result  of  these  studies  are  given  in 
the  following  section. 

cONDrrioxs  ox  the  farh. 

The  writers  made  personal  visits  to  more  than  100  farms  during 
the  summer  of  1910,  driving  more  than  1,000  miles  over  the  country 
roads.  Detailed  records  are  available  for  92  of  these  farms.  In 
assembling  the  information  secured  the  card  shown  below  was  used. 

[ProDt  of  «rd.l 

[United  States  Dkpirthbnt  op  AuRirri.TrRi.  BtiHEio  or  Ahikai,  iNDcafsi.] 

POULTRY    AND   EOti    MABKETIKO    INVESTIOATIONS. 

So. 


Addresi 
Date  .- 


Cropi  raised 

Stock  kept 

PoDltr;  accommodntlonH 


KlDd 

Number-.. 
Irixratlou  . 
Nest»— 

Kind 

Number-. 
Location  . 


Number 

Treatment 

Poultry  kept ; 

Variety 

Males  - 

Natural  or  urtlfldal  Incubullon 

Natural  or  artlflclal  brooding 

Ugg  product  too  : 

Weight  at  eggB  |)pr  doien. 

Metbod  of  feedlne 

Ratloni 

Oatbcrlug  ettEa: 

By  whom 

Keeping  eggs  tor  mari.el ; 

Where 

How  long 

Temperature 

How   marketed 

Dlatance  from  markrl 

Hame  aod  address  of  person  or 


POULTBY  BCOBE   CABD. 
IBaek  o/twd.] 

BCOBI    CaBD  op  FlBH    PolTLnT    FLOCK. 


EqnlpmcDl. 

Soon. 
PertKl-Ullow*), 

Helhods. 

8c 
Partel 

3 

Allowed. 

rOCLTET  STOCB. 

10 
3 

7 
S 

3 

3 

Id  winter  and  at  otlwr 

AUloflrelotnolov«-h.lf 

£a'a.~;!?.'^.".r'::: 

UHDUNO  maa. 

3 
3 

3 

^"X."™^'^° 

Tl^t   btck    wall.  «ad>. 

DiT,  to  pterenl  mold 1 

a[  laate  or  odor. 1 

rrt ! 

lS^/"i^  *  >bBp«   of 

"     Om  square  toot  of  glass  to 
12-16  floor  ■■»»  or  iKiuan 

Grading  out  odd-«luid.  dirly, 
vuhed.  cracked,  and  dau Ill- 

0(™_,«™t    or    curUlo^ 

males  durlDK  warm  weatber 

4.iio6«iiia«loet  per  Iran.  3 
15  lo  <  J  square  (eel  fm 

!^  3Jl  square  iMt  pet  ^ 
Ura  tiiiiii  ii  jq^e'  ieej 

^ili?''^:::::::: 

PmqDMt  removal  ot  drop- 

K5ff":;;:;::::::::::::::s 

Walk,  wlDdowi,  etc I 

WO  to  a»  square  feet 3 

UtoUniquaielMt 2 

^^■-■■vEEE 

3* 

" 

TIlis  card  was  found  to  be  a  most  convenient  method  of  tabulating 
and  preserving  the  data  secured  from  individual  farms.  The  score 
card  on  the  back  served  to  make  comparison  easy  by  placing  a 
numerical  value  on  the  poultry  equipment  and  methods. 

Before  entering  into  the  discussion  relating  to  the  poultry  condi- 
tions on  the  farm,  it  might  be  well  to  give  a  brief  description  of  the 
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size  and  general  character  of  the  farni.s  which  were  visited.  As  to 
size,  there  arc  in  Kanstis  the  bnialier  fuims  containing  from  60  to 
300  acres  and  also  those  whicii  are  several  thousand  acres  iu  extent, 
the  latter  being  used  for  the  most  part  as  pasture  and  grain  land, 
while  on  the  former  diversified  farming  is  the  usual  practice.  The 
principal  crops  raised  are  corn,  wheat,  oats,  barley,  kafir  corn,  millet, 
sorghum,  potatoes,  and  hay.  The  term  "  hay ''  would  include  many 
varieties  of  cultivated  grasses  and  legumes,  and  of  these  alfalfa  is 
-by  far  the  most  important  crop.  The  classes  of  live  stock  which  are 
raised  extensively  are  horses,  beef  cattle,  milch  cows,  sheep,  and  hogs, 
beef  cattle  and  hogs  being  in  the  majority.  The  large  farms,  or 
ranges,  do  not  as  a  rule  have  any  great  number  of  poultry  on  them, 
and  consequently  play  a  small  part  in  the  present  discussion.  From 
this  general  description  it  is  easy  to  understand  why  poultry  forms 
an  important  part  in  the  agricultural  wealth  of  this  section  of  the 
country,  since  grain  and  other  desirable  feed,  including  alfalfa,  are 
abundantly  and  economically  raised,  and  the  soil  and  climatic  condi- 
tions are  well  suited  to  the  production  of  poultry.  The  details  of 
the  92  farms  previously  referred  to  in  regard  to  acreage  and  size 
of  tlocks  are  as  follows : 

Table  3.—RctatUm  of  si:e  of  farm  to  numbei   of  hens  kept,  based  upon  92 

Knitxitx  farm'. 


st» 

loHann. 

jKumber.l 

ZT^. 

1  Avpmire 

.J£,i 

AversfK 

1  Hera  per 

gSS;.::: 

i\ 

if 

:       11' 

s:4oi 

laoio 

Tofal 

**! 

u.hii 

1        IW.*  , 

..,», 

122.5 

1             ,72 

The  value  of  purebred  poultry  has  not  been  realized  to  as  gi-eat 
an  extent  by  the  farmers  of  Kansas  as  it  should  be.  The  bulk  of  the 
poultry  on  the  farms  are  what  are  commonly  known  as  mongrel  or 
dunghill  fowls.  When  any  breeding  is  apparent  Barred  Plymouth 
Rock  and  Leghorn  characteristics  predominate,  A  small  proportion 
of  the  farmers,  however,  do  keep  some  purebred  poultry.  In  Plate  I 
is  shown  a  view  of  a  good  farm  flock  of  Rose  Comb  Rhode  Island 
Reds.  The  breed  most  popular  among  farmers  is  the  Barred 
Plymouth  Rock. 

Improvement  is  usually  sought  by  bringing  in  fresh  blood  every 
two  or  three  years  in  the  form  of  a  new  male  bird,  generally  of  a 
different  breed  each  time.  About  the  only  visible  effect  of  this  spas- 
modic scheme  is  to  add  yet  greater  dissimilarity  to  the  already  won- 
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derfuUy  variegated  flock.  If  the  fanner  would  carefully  select  10 
or  12  of  his  best  females  each  year  and  mate  them  with  a  purebred 
male  which  conformed  to  the  general  character  of  the  females,  ad- 
iieriog  always  to  the  same  breed,  he  could  in  the  course  of  a  few  years 
make  a  marked  improvement  in  his  flock. 

The  introduction  of  Leghorn  blood  (and  many  farm  flocks  show 
some  trace  of  Leghorn  blood)  has  had  a  marked  tendency  to  decrease 
the  size  of  the  average  farm  fowl  in  Kansas.  This  point  was  forci- 
bly demonstrated  to  the  authors  by  observing  the  weights  of  many 
thousands  of  birds  in  the  large  packing  houses,  and  also  by  weigh, 
ing  eggs  from  the  flocks  of  all  the  farms  visited.  These  observa- 
tions showed  that  the  average  weight  of  hens  on  the  farm  ranged 
from  2i  to  4  pounds,  and  the  average  weight  of  eggs  per  dozen  was 
33  ounces.  At  a  glance  it  is  quite  evident  that  the  weight  of  the 
mature  fowls  is  very  much  lower  than  it  should  be,  and  observations 
have  shown  that  the  average  weight  of  a  dozen  eggs  from  purebred 
stock  does  not  fall  below  2i  ounces.  The  standard  weights  of  the 
popular  general-purpose  breeds  are  given  below : 

Plymouth  Rocks  (6  varieties) :  Hen,  7i  pounds;  cock,  9J  pounds, 

Wyandottes  (8  varieties) :  Hen,  6i  pounds;  cock,  SJ  pounds. 

Orpingtons  (3  varieties) ;  Hen  8  pounds;  cock,  10  pounds. 

Rhode  Island  Reds  (2  varieties) :  Hen,  6J  pounds;  cock,  8^  pounds. 

While  it  is  quite  evident  that  the  stock  on  the  faniis  in  this  section 
is  undersized,  and  that  the  eggs  are  smaller  than  those  of  purebreds, 
it  is  satisfactory  to  note  that  there  is  a  tendency  at  the  present  time 
to  improve  this  inferior  stock  or  discard  it  entirely  by  purchasing 
eggs  or  stock  of  some  breeder  who  handles  a  pure  breed  of  the  gen- 
eral-purpose type.  One  of  the  reasons  for  this  change  is  that  many 
of  the  large  packing  houses  are  offering  2  to  3  cents  more  per  pound 
for  market  fowls  of  the  heavier  breeds  than  they  are  for  the  Medi- 
terranean or  lighter  breeds.  The  following  table  shows  the  breeds 
of  poultry  kept  on  the  92  farms  where  detailed  studies  were  made, 
and  the  relative  proportion  of  purebred  flocks  and  flocks  of  mixed 
breeding : 
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The  majority  of  the  farm  poultry  buildings  are  either  poorly  con- 
etructed  for  the  purpose,  or  were  buildings  which  had  formerly  been 
used  for  other  purposes.  There  is  little  indication  of  any  special 
effort  on  the  part  of  the  farmer  to  provide  clean  comfortable  quarters 
for  his  fowls.  He  seems  to  take  it  for  granted  that  the  fowls,  unlike 
the  horses  and  cattle  and  other  live  stock,  do  not  require  comfortable 
quarters  in  order  to  be  profitably  maintained.  In  this  assumption  he 
is  partially  correct,  for  where  there  is  very  little  investment  and  a 
more  or  less  regular  income  he  is  sure  to  realize  some  pro^t.  It  is,  in 
fact,  almost  impossible  to  neglect  fowls  to  such  an  extent  that  they 
are  maintained  at  a  loss  under  such  conditicms.  Even  in  instances 
where  the  farm  flock  is  compelled  to  roost  in  the  trees  throughout  the 
entire  year,  and  forage  for  the  greater  part  of  their  feed,  some  profit 
is  usually  realized.  All  this  is  true  because  the  fowls,  on  account  of 
this  hardy  outdoor  existence,  are  as  a  rule  in  excellent  health  and  pro- 
duce enough  eggs  in  the  spring  and  summer  months  to  return  a  rea- 
sonable profit  to  the  farmer. 

Views  are  reproduced  in  the  upper  portion  of  Plate  II,  showing  two 
extreme  types  of  poultry  houses,  the  one  poorly  and  the  other  well 
constructed.  Both  houses  provide  comfortable  quarters  for  the  fowls 
in  so  far  as  protection  from  the  weather  is  concerned,  but  when  we 
consider  the  question  of  eradicating  disease,  lice,  or  mites,  the  build- 
ing shown  in  figure  1  presents  a  difficult  problem.  It  is  true  that  for 
all  practical  purposes  the  building  in  figure  2  does  not  afford  any  bet- 
ter protection  from  the  weather  elements  than  the  inferior  house,  but 
the  material  and  workmanship  is  such  that  diseases  and  vermin  can  be 
successfully  combated.  The  most  serious  objection  to  this  house  is 
that  it  is  a  more  expensive  structure  than  many  farmers  would  care 
to  erect.  There  is,  however,  no  necessity  for  going  to  one  extreme  or 
the  other,  and  in  figure  3  is  shown  what  can  rightly  be  called  a  happy 
medium.  This  house  combines  the  good  points  of  both  the  others, 
and  the  material  and  workmanship  is  such  that  it  is  as  easy  to  keep 
in  a  sanitary  condition  as  the  more  expensive  house. 


A  not  uncommon  practice  on  Kansas  farms  is  to  clean  the  poultry 
house  only  once  or  twice  a  year  and  the  result  is  that  many  of  the 
houses  are  in  a  very  filthy  condition.  The  accumulation  of  filth  and 
droppings  on  the  floor  of  the  poultry  houses,  95  per  cent  of  which 
have  dirt  floors,  opens  the  way  for  the  invasion  of  many  infectious 
diseases,  and  the  droppings  from  one  sick  fowl  may  be  the  means  of 
infecting  the  entire  flock.  In  one  or  two  instances  the  houses  were 
equipped  with  a  dropping  board  under  the  roosts.    This  practice  is 
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to  be  highly  commended,  since  it  prerents  the  accumulation  of  drop- 
pings  on  the  floor,  and  also  makes  it  easy  to  remove  them. 

No  special  attention  was  given  to  supplying  the  fowls  with  a  liberal 
amount  of  fresb  air,  but  because  the  majority  of  the  houses  are  of 
crude  construction,  and  also  by  means  of  small  windows,  doors,  and 
numerous  cracks  and  openings  the  fowls  suffered  little  from  the  lack 
of  ventilation.  In  relation  to  the  amount  of  floor  space  per  bird,  it 
is  a  common  occurrence  to  find  from  75  to  100  fowls  housed  in  a  build- 
ing of  such  dimenMons  that  it  allows  each  fowl  only  about  1  square 
foot  of  floor  space,  and  it  was  easy  to  find  cases  where  even  less  apace 
(han  this  was  provided.  However,  where  the  fowls  are  allowed  free 
range  on  all  suitable  days,  and  the  house  is  cleaned  at  frequent  inter* 
vals,  the  question  of  a  definite  amount  of  floor  space  per  bird  is  not 
very  important. 

The  farmer  of  the  Middle  West  seldom,  if  ever,  confines  his  poultry 
in  yards,  and  there  is  no  doubt  that  this  has  been  a  most  important 
fector  in  maintaining  the  vigor  and  health  of  the  fowls  so  admirably. 
The  condition  of  the  farm  flocks  in  respect  to  these  two  qualities  ia 
well  shown  by  the  following  figures  from  the  92  farms : 

Table  5. — Health  and  rigor  of  pouttrp  fiork»  on  Si  Kan»a*  fartiu. 
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During  the  spring,  summer,  and  fall  the  fowLs  are  compelled  to 
forage  for  the  greater  part  of  their  living.  Even  during  the  winter 
months  tiiey  are  fortunate  if  they  receive  more  than  one  feed  a  day. 
Consequently  they  are  compelled  to  pick  up  a  considerable  portion 
of  their  living  around  the  barn  and  comcnb.  This  condition  has 
arisen  from  the  practice  of  giving  the  poultry  free  access  to  the  feed 
lots  for  beef  cattle  and  hogs.  In  feeding  the  steers  and  hogs  the  com 
is  often  dumped  in  piles  about  the  feed  lot,  thus  making  it  possible 
for  the  fowls  to  procure  a  liberal  feeiJ  of  corn  at  least  once  a  day. 
At  thrashing  time  also  there  is  considerable  waste  grain  which  would 
be  a  total  loss  if  not  utilized  by  the  poultry.  The  fields  of  alfalfa 
make  an  ideal  range  and  furnish  abundant  green  feed.  It  is  quite 
common  to  see  the  alfalfa  stack  in  close  proximity  to  the  bam  and 
other  outbuildings,  and  in  this  case  the  fowls  have  green  feed  cloae  at 
hand. 
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Where  any  attempt  is  made  to  supply  the  fowls  with  grain  regu- 
larly once  or  twice  a  day  the  following  feeds  are  g^ierally  used : 
Corn,  wheat,  kafir  corn,  and  spelt.  Of  these  the  one  most  c<Mntnon]y 
used  is  com.  The  fowls  do  not  receive  b  regular  supply  of  meat 
feed,  and  when  insects  are  no  longer  available  they  are  compelled  to 
exist  on  an  unbalanced  ration  of  starchy  grains.  It  is,  however,  a 
common  practice  to  give  the  fowls  the  offal  from  whatever  butcher- 
ing may  be  done  on  the  farm,  and  often  the  fanner  may  kill  jack 
rabbits,  which  are  sometimes  used  as  meat  feed  for  the  poultry.  The 
supply  of  meat  feed  is,  however,  very  irregular.  Practically  every 
flock  examined  showed  more  or  less  feather  pulling,  thought  to  be  the 
result  of  an  Insufficient  supply  of  this  material. 

Cruslied  clam  shells  are  used  almost  exclusively  to  furnish  the 
fowls  with  carbonate  of  lime.  Grit  in  the  form  of  commercially 
prepared  crushed  stone  is  seldom  used,  but  many  farmers  haul  a  load 
of  coarse  sand  to  the  barnyard  and  allow  the  fowls  free  access  to  it 
at  all  times.  Such  a  method  is  inexpensive  to  the  farmer  and  fur- 
nishes the  fowls  with  an  abundant  supply  of  grit. 

The  water  supply  for  the  poultry  is  us\ial]y  both  insufficient  and 
insanitary.  Vessels  of  every  size  and  description,  such  as  oven  doors, 
milk-can  tops,  wooden  troughs,  pails,  and  cans  of  all  sizes,  are  used 
as  reservoirs  for  water.  It  is  the  exception  rather  Uian  the  rule  to 
find  these  vessels  clean  and  filled  with  water.  They  are  more  apt  to 
be  completely  dry  and  dirty,  while  the  fowls  can  be  seen  drinking 
from  a  cesspool  in  the  barnyard  or  a  wallow  in  the  pigprai. 

llATCItino    AND    BBOODINU. 

There  are  two  general  systems  of  hatching  and  brooding  the  chicks : 
First,  hatching  and  brooding  with  hens  exclusively;  second,  hatching 
the  eggs  in  an  incubator  and  then  giving  the  chicks  to  hens.  The 
former  is  practiced  to  a  greater  extent  than  the  latter,  and  in  many 
instances  a  combination  of  both  is  used.  ^\Tier6  this  is  done  it  is  a 
general  practice  to  set  a  number  of  hens  at  the  same  time,  and  when 
the  hatch  comes  otf  the  chicks  are  divided  up  among  them.  Many 
chicks  are  produced  by  hens  stealing  their  nests,  and  this  condition 
is  responsible  for  a  large  per  cent  of  the  immature  stock  that  is  so 
noticeable  in  the  fall  and  early  winter. 

If  fowls  are  used  exclusively  for  hatching  and  rearing,  it  is  often 
difficult  to  get  the  chicks  out  early  on  account  of  the  hens'  indispo- 
sition to  sit.  It  was  largely  to  overcome  this  difficulty  that  the  incu- 
bator has  been  adopted  on  the  farm.  A  comparison  of  the  relative 
frequency  with  which  artificial  and  natural  methods  or  a  combina- 
tion of  the  two  are  used,  both  in  hatching  and  brooding,  is  given  in 
Table  6. 


igitized  by  Google 


METHODS  OF  MABKETINO  POULTRY.  27 

Tablk  6. — Methodn  of  inrubalinn  and  brooding  uicd  on  92  Katmas  farms. 
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The  methods  of  feeding  the  cliicks  are  for  the  most  part  very 
simple.  Some  chicks  are  grown  on  nothing  but  com  meal  and 
cracked  com,  and  others  receive  only  millet  seed  until  they  are  large 
enough  to  consume  the  coarwr  grains.     There  are  many  farms,  how- 
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ever,  where  such  extreme  measures  are  not  used,  a  happy  medium 
being  reached  by -using  some  commercial  chick  feed  in  connection 
with  such  products  as  are  produced  on  the  farm. 


UBTHOD  OF 


At  the  present  time  95  per  cent  of  the  farmers  have  no  positive 
method  of  determining  the  age  of  their  poultry.     From  an  economic 
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standpoint  it  is  very  desirable  that  when  a  fanner  markets  a  part  of 
his  stock  he  should  be  able  by  some  accurate  method  to  ascertain  the 
age  of  the  fowls  which  he  sells.  Such  a  plan  would  tend  to  decrea^ 
the  enormous  number  of  pullets  and  yearling  hens  which  tlirough 
lack  of  system  are  now  being  disposed  of  while  old  hens  are  often 
retained.  Yearling  hens  and  pullets  especially  will  in  the  course 
of  the  year  return  to  the  farmer  a  greater  profit  from  the  eggs  which 
they  produce  than  will  the  older  fowls.  liens  can  be  kept  at  a  good 
profit  until  they  have  passed  their  second  year,  hut  they  are  not  as  a 
rule  profitable  beyond  that  age. 

The  most  common  method  of  marking  poultry  is  to  leg-band  them. 
These  bands  are  manufactured  from  aluminum,  wire,  and  composite 
metals,  and  are  placed  around  the  leg  of  the  fowl  and  fastened  in 
numerous  ways.  This  system,  while  eminently  satisfactory,  requires 
more  labor  and  attenti(m  than  most  farmers  would  care  to  give.  A 
more  practical  method  is  by  punching  the  web  of  the  foot  at  the  time 
the  chick  is  hatched.  The  operation  is  simple  and  an  entire  hatch 
can  be  toe-marked  in  a  short  time.  Figure  1  shows  a  diagram  of  a 
system  by  which  16  different  combinations  of  toe-marking  are  possible. 
If  only  cHie  mark  is  employed  for  all  chicks  hatched  in  a  given  year, 
no  fnrmer  would  find  it  necessary  to  use  more  than  three  or  four  of 
these  marks,  but,  if  it  were  desired  to  show  ages  more  closely,  or  to 
mark  pedigree  stock,  all  the  form,s  indicated  might  be  found  useful. 


"VMiile  the  conditions  thus  far  discus-sed  wnrrounding  the  keeping  of 
poultry  on  Kansas  farms  have  a  great  influence  upon  the  number 
and  size  of  the  eggs  produced  and  may  also  have  some  influence  upon 
their  quality,  there  arc  other  conditions  which  have  a  much  more 
direct  influence  upon  quality  and  are  responsible  for  the  greater  part 
of  the  deterioration  which  has  occurred  by  the  time  the  eggs  reach  the 
country  store.  Among  these  are,  insufficient  number  of  nests,  dirty 
nests,  irregularity  in  gathering  eggs,  allowing  the  males  to  run  with 
the  flock  after  the  hatching  season,  poor  storing  facilities,  washing 
eggs,  holding  for  a  definite  number  of  eggs,  and  careless  methods  of 
transportation  from  the  farm  to  the  village. 

It  is  doubtful  if  any  other  one  factor  contributes  more  to  the  aggre- 
gate number  of  bad  eggs  on  the  farm  than  the  lack  of  a  sufficient  num- 
ber of  properly  located,  clean  nests.  The  average  number  of  nests 
on  the  Kansas  farms  observed  is  11  to  every  100  hens.  This  means 
that  nearly  50  per  cent  of  the  fowls  are  compelled  to  seek  nests  for 
themselves.     This  condition  is  well  shown  in  Table  7. 
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Tasle  7. — Jiumber  of  nettt  to  number  of  hent  kept  on  92  Katuaa  farm*. 
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The  horse  stable,  straw  stack,  under  the  comcrib,  or  out  in  the  weeds 
ure  the  places  usually  chosen  by  the  hens  when  a  sufficient  number  of 
nests  is  not  available.  It  is  well  known  that  vigorous  bacterial 
(fTowth  depends  largely  upon  moisture  and  warmth,  and  these  factors 
are  usually  present  in  such  places.  The  result  is  that  when  a  nest 
full  of  such  eggs  is  discovered,  from  50  to  80  per  cent  of  them  have 
already  developed  into  seconds,  blood  rings,  and  rots. 

The  excuse  is  often  given  by  farmers  that  if  they  went  to  the 
(rouble  and  expense  of  providing  liberal  nesting  facilities  the  hens 
would  not  utilize  them,  as  they  prefer  the  secluded  nest  of  their  own 
choosing.  ^Vhile  it  is  true  that  in  many  instances  hens  will  steal 
their  nests  rather  than  lay  in  places  provided  for  them,  especially 
during  the  spring  which  is  the  natural  hatching  season,  it  was 
observed  that  on  the  farms  where  nests  were  provided  at  the  rate  of 
one  for  every  four  or  five  hens,  and  were  kept  free  from  vermin,  95 
per  cent  of  the  eggs  were  laid  in  these  nests,  and  it  was  only  occa- 
sionally that  a  hen  would  lay  elsewhere. 


It  hardly  seems  necessary  to  make  any  mention  of  dirty  nests,  but 
the  investigations  of  the  past  year  prove  conclusively  that  either 
through  carelessness,  neglect,  or  utter  indifference  the  nests  often 
itecwne  so  filthy  that  the  hens  refuse  to  lay  in  tliem.  When  such 
nests  are  used  the  new-laid  eggs  ctHne  in  contact  with  tlie  droppings 
of  the  fowls,  which  contain  numerous  bacteria,  and  the  eggs  may 
therefore  become  infected  before  they  are  removed  from  the  nest. 
This  does  not  necessarily  mean  that  the  eggs  are  unfit  for  food  at 
this  time;  but  the  infection  having  taken  place,  tlioy  are  likely  sub- 
jects for  the  production  of  spots  and  rots.  One  of  the  greatest  needs, 
therefore,  in  improving  the  condition  of  eggs  on  the  farm  is  to  pro- 
vide an  abundance  of  clean  nests  free  from  vermin. 
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IBKEGUI^BITV    IN    r.ATIIKBINO    THK    fOOB. 

llie  practice  of  combining  forces  and  organizing  a  general  search 
party  to  gather  in  the  eggs  on  market  day  is  still  practiced  on  many 
of  the  farms  in  Kansas.  This  is  indeed  a  deplorable  custom,  and 
there  is  no  question  but  that  it  is  the  cause  of  many  rotten  eggs.  It 
is  easy  to  see  how  eggs  allowed  to  remain  for  several  days  or  a  week 
in  the  unsuitable  places  where  they  may  have  been  laid,  subjected 
probably  to  high  temperature,  wet  by  dew  and  by  rain,  and  perhaps 
&at  upon  by  a  broody  hen,  are  certain  to  have  undergone  serious 
deterioration  if  they  are  not  absolutely  spoiled. 

UALEB    RUNNING    WITH    FLOCK    AFTEI    BATCHIHO    BEASOH. 

This  is  the  usual  rather  than  the  unusual  condition.  Of  the  92 
farms,  there  were  only  16  on  which  any  effort  had  been  made  to 
separate  the  males  from  the  hens  after  the  hatching  season,  while  on 
the  remaining  76  farms  the  males  and  hens  ranged  together.  Justifi- 
cation for  this  practice  is  sometimes  sought  in  the  argument  that 
there  will  be  some  stolen  nests  that  remain  undiscovered  for  so  Itwig 
that  even  the  conscience  hardened  by  the  case-count  system  of  buying 
will  not  consent  to  their  being  marketed,  and  that  if  these  eggs  had 
been  fertilized  by  allowing  the  males  to  run  with  the  flock  a  part 
of  the  eggs  would  have  hatched  and  the  loss  would  not  have  been 
absolute.  It  shonld  be  borne  in  mind,  however,  that  a  much  greater 
loss  actually  does  occur  when  the  eggs  are  fertile,  for  it  is  from  the 
fertile  eggs  only  that  the  great  mass  of  bad  and  deteriorated  eggs 
known  as  heated  eggs,  blood  rings,  and  many  of  the  rots  develop. 
With  the  eradication  of  fertile  eggs  during  the  hot  summer  months, 
a  large  part  of  the  problem  of  heated  eggs  would  be  solved.  Surely 
this  is  not  a  difficult  condition  to  bring  about  if  each  one  would  do 
his  part. 

IN  EFFICIENT   STORinO   FACILITIEB. 

This  is  a  serious  difficulty  with  which  the  farmer's  wife  has  to  con- 
tend, as  a  great  many  of  the  country  homes  in  Kansas  do  not  have 
dry,  cool  cellars,  and  when  the  thermometer  begins  to  register  from 
100  to  106°  F.,  tihere  is  no  good  place  to  keep  perishable  produce. 
To  overcome  this  difficulty  use  is  often  made  of  the  "  cyclone  cellar," 
or  cavG.  In  some  instances  these  caves  are  of  concrete  construction 
throughout,  and  on  such  farms  very  little  difficulty  is  e.iperienced 
in  keeping  eggs  in  good  condition.  Some  of  the  caves,  however,  are 
nothing  more  than  oblong  holes  in  the  ground  over  which  s  rough 
gable  roof  is  built.  The  soil  which  has  been  excavated  to  make  the 
cave  is  thrown  over  tliis  roof  and  thoroughly  packed  so  as  to  make  it 
cool  and  practically  waterproof.  Caves  of  such  construction  are 
very  hard  to  keep  clean  on  account  of  the  dampness  and  mold,  which 
are  always  present  when  dirt  walls  and  floor  are  used,  and  conse- 
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quently  they  are  very  undesirable  as  n  storage  room  for  egga.  Damp- 
ness is  conducive  to  the  rapid  development  of  mold  and  bacteria, 
and  consequently  eggs  kept  in  these  cares  are  much  more  likely  to 
show  deterioration  than  if  they  were  held  in  a  dry  room  at  the  same 
temperature. 

WABIIIHG    EOOS. 

The  lack  of  the  necessary  number  of  clean  nests  and  irregularity 
in  gathering  eggs,  especially  on  rainy  days,  are  the  two  main  rea.sons 
why  it  is  often  necessary  for  the  farmer's  wife  to  wash  part  of  the 
e^;s.  No  one  would  ever  accuse  a  neat  housewife  of  taking  dirty 
eggs  to  town,  and  in  order  to  maintain  this  reputation  they  are  very 
careful  to  see  that  each  egg  is  clean  before  packing  it  in  the  ca.se. 
This  practice,  while  not  always  harmful,  often  results  in  the  egg 
becoming  contaminated  with  some  form  of  micro-organism.  The 
eggshell  itself  is  porous  and  not  germ  proof,  and  the  pores  are  large 
enough  to  allow  the  invasion  of  moisture  and  bacteria,  but  the  mem-, 
brane  beneath  the  shell  is  comparatively  germ  proof  so  long  as  it 
remains  dry ;  hence  it  is  desirable  that  the  eggs  be  clean  in  the  first 
place,  so  that  water  will  not  have  to  be  brought  in  contact  with  them. 

BOLDIRO   BOOS   UNTIL  A   QUAMTITT    HAa    ACCVUVt.ATKD. 

The  farmer  often  makes  use  of  an  egg  case  in  which  to  keep  his 
eggs  and  carry  them  to  market.  Sometimes  he  owns  the  ca.se  and 
sometimes  it  is  furnished  him  by  the  storekeeper.  Often  the  case 
is  one  holding  30  dozen  eggs,  and  there  is  a  tendency  to  wait  tmtil  it 
is  filled  before  taking  it  to  market.  As  this  would  take  considerable 
time  with  the  average-sized  flock,  the  quality  of  the  eggs  will  have 
suffered  appreciably.  Smaller  cases,  holding  12  dozen  eggs,  are  also 
used  for  this  purpose  and  are  much  to  be  preferred,  as  they  encourage 
more  frequent  marketing.  Another  factor  which  influences  the  fre- 
quency of  marketing  is  the  distance  of  the  farm  from  the  village  or 
country  store.  The  greater  the  distance  the  less  often  are  the  trips 
made  and  consequently  the  less  convenient  it  is  to  market  eggs  fre- 
quently.   Table  8  indicates  this  tendency. 
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CABELESa   MUTBODB  OF  TRANBPOBTATIOn  FBOM   FABM   TO  VILLAQE. 

While  this  element  of  egg  deterioration  does  not  cause  a  marked  loss 
or  change  in  itself,  because  it  occupies  a  relatively  brief  time,  it  is 
nevertheless  a  contributing  factor.  In  figure  1  of  Plate  IV  is  shown  a 
picture  of  the  farmer  and  his  family  on  their  way  to  market.  This 
particular  drive  was  one  of  8  miles  and  the  e^  case  wag  exposed  to 
the  sun's  rays  during  the  entire  trip.  At  the  time  the  picture  was 
taken  the  thermometer  registered  106°  F.  on  the  top  of  the  egg  case. 

THE   FARMEk's   MABKET. 

The  farmer  may  market  his  eggs  through  any  one  of  the  following 
agencies:  (1)  The  country  store;  (2)  the  cash  buyer;  (3)  the  huck- 
ster; and  (4)  the  cooperative  creamery.  Of  these  four  outlets  the 
country  store  is  by  far  the  "most  important.  The  reason  why  this 
system  is  so  universal,  together  with  the  effect  it  has  on  the  quality 
of  the  eggs,  have  already  been  discussed  (see  p.  14) . 


Under  the  present  system  of  buying  loss-off,  or  on  a  quality  basis, 
many  of  the  storekeepers  in  Kansas  have  relinquished  the  handling 
of  farm  eggs.  This  is  due  in  part  to  the  fact  that  the  merchant  does 
not  feel  that  he  can  go  to  the  expense  and  trouble  of  candling,  and  also 
to  the  fact  that  if  in  defiance  of  the  pure-food  laws  of  the  State  he 
attempts  to  continue  on  the  case-count  basis,  at  the  same  time  offer- 
ing as  much  as  his  competitors  who  are  buying  on  the  loss-off  basis, 
he  is  experiencing  a  much  heavier  loss  on  his  eggs  than  formerly. 
If  he  does  not  offer  as  much  as  his  competitors  he  is  likely  to  get  only 
the  most  undesirable  class  of  eggs,  which  will  increase  his  loss  still 
more.  What  this  loss  may  amount  to  in  a  single  week  will  be  seen 
from  Table  9.  The  figures  given  were  secured  from  one  of  the  car- 
lot  shippers  and  taken  direct  from  the  report  of  his  candlers. 

Table  0. — Candler's  report,  sh&iriiig  iosget  (n  coga  rccetreil  during  one  weet  in 
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In  buying  on  the  losa-off  basis,  the  storekeeper  would  in  all  proba- 
bility have  made  no  distinction  between  the  firsts  and  seconds,  but 
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Fig.  2.— Gathering  Eqgs  Fboh  Under  the  Cohnchib. 
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would  simply  have  thrown  out  the  rots.  The  loss  represented  by  the 
rots  would,  however,  have  been  saved,  excepting  a  small  proportion 
which  would  have  developed  between  the  times  the  storekeeper  and 
the  candler  handled  the  eggs. 

Driving  the  local  merchant  out  of  the  egg  business  is  not  inevita- 
ble, though  in  many  respects  it  would  be  greatly  to  his  advantage  and 
to  the  advantage  of  the  egg  trade.  Indeed,  the  merchants  of  some 
towns  have  vcduntarily  withdrawn  by  mutually  agreeing  to  turn  the 
egg  trade  over  to  the  cash  buyer,  where  it  belongs.  This  is  the  sim- 
plest and  best  solution  of  the  problem.  It  has  also  been  suggested 
that  the  business  be  turned  over  to  the  produce  dealer,  who,  instead 
of  paying  cash,  shall  issue  scrip  which  will  be  taken  at  its  face  value 
in  payment  for  goods  at  any  of  the  local  stores.  The  whole  object 
of  this  plan  is  to  compel  the  farmer  to  patronize  home  ti«de. 

Other  plans  have  been  devised  and  are  working  with  some  degree  of 
success  which  attempt  to  keep  the  benefits  of  the  egg  trade  for  the 
merchant,  while  at  the  same  time  relieving  him  of  its  unpleasant 
features.  One  of  these  allows  the  farmer  to  trade  his  eggs  out  on  a 
case-count  basis  as  before,  but  these  e^^  are  kept  separate. '  Each 
morning  the  receipts  of  the  previous  day  are  sold  to  the  local  cash 
buyer,  who  candfes  the  eggs  and  reports  the  rots  or  bad  eggs  found 
in  each  individual  lot.  The  merchant  then  charges  the  loss  against 
the  farmer's  account  and  deducts  it  from  the  next  lot  of  eggs  brought 
in  if  he  has  no  balance  in  his  favor.  By  such  a  procedure  the  mer- 
chant is  obeying  the  law,  is  helping  to  improve  the  quality  of  the  eggs, 
is  protecting  himself  against  loss,  and  at  the  same  time  is  retaining 
his  egg  trade.  This  means  that  instead  of  unloading  inferior  mer- 
chandise upon  his  customers,  as  he  did  when  the  case-count  system 
was  in  vogue,  he  is  able  to  give  them  full  value  for  their  money. 
He  has  no  loss  to  figure  and  need  not  fear  the  competition  of  his 
fellow  merchants  or  the  large  out  of  town  mail-order  houses.  As 
soon  as  the  fanner  is  made  to  realize  that  every  merchant  in  town 
is  going  to  candle  his  eggs,  he  immediately  commences  to  take  better 
care  of  them  and  carefully  compares  the  prices  on  various  articles 
of  food  and  clothing  as  advertised  by  the  merchants.  Thiis  the  whole 
problem  simply  resolves  itself  into  the  question  of  legitimate  profits, 
and  unless  the  merchant  is  selfish  or  money  mad  there  is  no  logical 
reason  why  his  prices  can  not  be  made  as  attractive  as  those  of  his 
competitors. 

Aside  from  the  method  of  buying,  there  are  other  conditions  con- 
nected with  the  country  store  which  should  be  remedied  in  order  to 
give  best  results.  The  most  prominent  of  these  is  infrpquency  iti 
shipping.  It  is  not  uncommon  for  the  storekeeper  to  allow  his  eggs 
(o  accumulate  for  a  week  or  even  longer  before  he  ships  them,  and  as 
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he  has  no  ro<xn  specially  equipped  for  holding  eggs  and  must  depend 
upon  using  the  back  part  of  his  store  or  a  cellar,  this  is  a  serious 
cause  of  deterioration.  The  produce  dealer,  on  the  other  hand,  under- 
stands brtter  the  necessity  for  moving  the  eggs  as  quickly  as  possible, 
and  not  infrequently  ships  daily  during  hot  weather.  Under  such 
conditions  little  of  the  deterioration  occurring  can  be  laid  at  his  door. 
In  the  country  store  it  was  frequently  observed  that  the  egg  cases 
were  piled  alongside  of  merchandise  of  many  kinds,  among  them 
barrels  of  kerasene,  barrels  and  crates  of  vegetables,  and  other  mate- 
rials from  which  the  eggs  were  almost  certain  to  absorb  undesirable 
flavors  or  odors. 


The  calh  buyer  or  produce  dealer  may  be  in  business  for  himself 
or  may  be  the  agent  of  some  large  car-lot  shipper  or  creamery  com- 
pany.  His  method  of  doing  business  is  very  similar  to  that  of  the 
country  merchant,  except  that  he  offers  cash  instead  of  merchandise. 
He  is  often  not  locJced  upon  with  favor  by  the  town  merchants,  be- 
cause they  realize  that  the  farmer  prefers  the  cash  in  order  that  he 
may  purchase  his  merchandise  from  the  firm  offering  the  lowest 
prices.  As  long  as  the  merchants  were  able  to  dispose  of  their  eggs 
on  a  case-count  basis  they  could,  by  offering  1  or  2  cents  more  per 
dozen  in  merchandise,  retain  the  greater  part  of  their  trade.  The 
enforcement  of  the  loss-off  system,  however,  is  working  a  slow  biit 
sure  change  in  this  system  and  a  greater  proportion  of  the  trade  is 
going  over  to  the  cash  buyer. 

In  studying  the  conditions  found  at  the  country  store  and  at  the 
cash  buyer's  the  following  card  was  used.  This  card  is  self- 
explanatory. 

[Unitbd  Stateh  DepAKTUBNT  OF  .Vaaicul,Ti;M,  Mt-aitAr  or  ANruAi.  Isbuutbi.] 
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The  huckster  or  peddler  who  gathers  eggs  directly  from  tho  farm 
is  rarely  found  in  Kans:as.  This  system  is  practiced  in  the  States 
of  Michigan,  Indiana,  Ohio,  Kentucky,  Tennessee,  and  the  North- 
eastern States.  Where  the  huckster  operates  in  thickly  settled 
localities  and  where  it  in  jjossible  to  have  a  twice  or  thrice  a  week 
service,  the  eggs  gathered  by  him  constitute  some  of  the  best  on  thi' 
market,  but  where  he  makes  a  trip  of  n  week  or  10  days  the  eggs  are 
exposed  to  many  unfavorable  conditions  and  are  usually  poor  in 
quality. 


CBEAUBBY. 

The  number  of  cooperative  creameries  handling  e^gs  is  not  at  the 
present  time  large.  There  ore  some  places  where  this  system  is 
working  successfully,  and  it  i.s  suggestel  as  a  feasible  proposition  in 
localities  where  conditions  are  favorable.  The  chief  requisites  neces- 
sary to  operate  such  a  system  successfully  are:  (1)  A  well-established 
creamery  whose  manager  is  interested  in  the  welfare  and  advance- 
ment of  the  community  and  who  has  by  his  straightfonnrd  dealings 
gained  the  confidence  of  the  farmers.  (2)  A  locality  thickly  enough 
settled  to  supply  the  creamery  with  siifHcient  eggs  to  maintain  a 
trade  in  some  near-by  citj'.  (3)  A  receptive  and  progressive  body 
of  farmers  who  will  carry  out  their  part  of  the  agreement  with  the 
creamery,  (4)  A  system  of  gathering  up  the  cream  and  eggs  by 
the  creamery  wagons  or  their  delivery  by  the  farmers  at  frequent  and 
regular  intervals.  (5)  A  system  of  payment  which  sliall,  like  the 
loss-off  system,  make  each  producer  responsible  for  the  quality  of 
the  eggs.  (6)  A  market  within  easy  shipping  distance  demanding 
good  dependable  eggs  and  willing  to  pay  a  premium  for  them.  For 
a  more  detailed  discussion  of  this  subject  the  reader  is  referred  to 
an  article  which  appeared  in  the  Twenty-sixth  Annual  Report  of  the 
Bureau  of  Animal  Industry  entitled  "  Marketing  Eggs  Through  tlie 
Creamery,"  and  reprinted  ns  Farmers'  Bulletin  445. 


It  is  the  general  custom  for  the  farmer  in  Kansas  to  di.spowe  of  his 
eggs  through  the  country  merchant  or  the  cash  buyer.  The  country 
merchant  may  in  turn  either  sell  to  the  local  cash  buyer  or  ship  his 
receipts  independently  to  commission  men  or  car-lot  shippers  in  sur 
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rounding  cities.  In  most  towns  where  cash  buyers  are  located  it  is 
usual  for  the  merchant  to  dispose  of  his  receipts  through  this  chan- 
nel. In  many  towns,  however,  there  is  not  enough  business  to  sup- 
port a  cash  buyer,  and  in  such  cases  the  merchants  ship  to  the  firm 
offering  highest  quotations.  In  cases  where  the  cash  buyer  is  a  sal- 
aried agent  of  some  large  shipper  or  packer  he  of  course  forwards 
all  receipts  to  the  central  plant,  but  should  he  be  in  business  for  l\im- 
self  the  parties  offering  the  best  prices  will  receive  the  bulk  of  his 
trade. 

In  shipping  the  eggs  both  the  country  merchant  and  the  cash  buyer 
are  often  guilty  of  careless  packing,  which  is  responsible  for  a  part 
of  the  breakage.  It  is  a  frequent  occurrence  to  find  old  tattered 
fillers  used  which  waste  more  money  in  time  spent  in  packing  the 
eggs  in  them  than  new  ones  would  cost.  Often  no  flats  are  used  be- 
tween the  fillers,  but  a  few  thicknesses  of  newspaper  are  depended 
on  to  take  their  place.  A  small  pad  of  excelsior  should  be  placed  in 
the  bottom  of  each  side  of  the  case  and  on  the  top  of  the  uppermost 
flats.  These  will  provide  elasticity  and  do  much  to  prevent  break- 
age. Frequently,  too,  thp  trouble  is  taken  to  nail  the  top  of  the  case 
securely  in  the  center.  This  is  a  mistake,  as  it  prevents  elasticity 
and  is  unnecessary  if  the  top  is  nailed  securely  at  the  ends.  Excep- 
tionally large  eggs,  even  though  they  may  have  strong  shells,  are 
almost  sure  to  be  broken  if  packed  in  the  case,  and  wilt  smear  a  large 
number  of  other  eggs.  In  fact,  any  of  the  factors  causing  broken 
eggs  result  in  a  much  greater  loss  than  that  of  the  eggs  actually 
broken,  for  many  others  are  so  badly  smeared  that  they  must  be 
classed  in  lower  grades  than  they  would  otherwise  be  placed. 

The  eggs,  after  leaving  the  hands  of  the  immediate  collectors,  are 
handled  mainly  by  locnl  frei^ts.  During  this  stage  of  their  jour- 
ney there  is  liberal  room  for  improvement.  The  general  rule  of 
most  railroads  is  that  eggs  or  any  other  products  which  are  to  be 
shipped  on  the  daily  freight  must  be  delivered  at  the  depot  at  least 
one  hour  before  scheduled  train  time.  If  all  trains  ran  on  scheduled 
time  this  rule  would  not  be  so  harmful,  but  since  this  is  the  exception 
rather  than  the  rule  with  the  local  freight,  it  often  happens  that  the 
eggs  remain  exposed  to  the  direct  rays  of  the  sun  for  several  hours. 
During  the  months  of  June,  July,  August,  and  September  the  quality 
of  the  eggs  suffers  from  this  treatment.  Plate  IV,  figure  2,  shows  a 
shipment  of  eggs  which  was  exposed  to  the  sun  for  six  hours  in  a 
temperatun"  ranging  from  110"  to  130°  F.  In  accordance  with  the 
rule,  the.se  eggs  were  delivered  at  the  depot  one  hour  before  train  time. 
On  this  particular  day,  however,  the  freight  was  several  hours  late, 
and  the  egjis  were  allowed  to  remain  in  this  extreme  temperature 
until  it  arrived.  Such  a  condition  could  be  materially  improved  if 
the  eggs  were  placed  under  a  covered  portion  of  the  platform,  whore 
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they  would  be  protected  from  the  suq.    It  is  only  fair  to  say  that  Kiich 
covered  shdters  are  often  available,  bat  they  are  seldom  utilized. 

When  the  cases  are  loaded  on  the  train  they  are  placed  either  in  a 
box  car  or  in  one  end  of  an  open  stock  car  which  is  also  used  for 
live  poultry.  (See  fig.  2.)  The  box  car  often  contains  empty  oil 
barrels  and  freight  of  similar  nature.  These  box  cars  are  opened 
when  a  stop  is  made,  and  then  only  tongenough  to  load  the  shipments 
from  that  station.  If  the  day  is  warm  the  temperature  inside  the  cars 
will  often  go  as  high  as  106"  F.  and  remain  at  that  point  for  hours. 


PlO.  2. — A  Mock  mr  usaj  for  ahlpplng  poultry  nod  ecBa. 

The  temperature  of  the  open  stock  cars  is  from  8  to  10  dugrees  lower 
than  that  in  box  cars  during  the  hotte^it  period  of  the  dny,  and  owing 
to  the  free  circulation  of  air  very  much  cooler  after  the  wun  has  set. 
Coupled  with  this  exposure  to  high  temperature  and  injurious  odors 
the  e^s  are,  of  course,  subjected  to  violent  but  unavoiduble  slinking 
and  jarring  during  the  entire  trip. 

It  should  be  said  that  at  least  one  of  the  railroads  operating  in 
Kansas  has  taken  a  long  step  forward  in  the  matter  of  handling  egg5 
on  the  local  freights.  This  road  is  running  refrigerator  cars  into 
which  the  eggs  are  loaded,  and  the  most  favorable  temperature  po.sfii- 
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ble  to  get  under  these  contlitioiis  is  maintained.  Some  of  the  packers 
consider  this  such  an  important  feature  in  improving  the  quality  of 
the  eggs  handled  by  them  that  they  intend  to  run  refrigerator  cars 
at  their  expense  over  some  of  the  lines  from  which  they  draw  heavily. 
The  following  are  some  of  the  most  important  ways  in  which  the 
railroads  can  help  in  this  movement  for  the  improvement  of  quality 
in  egg»;  (1)  Provide  covered  sections  of  station  platforms  and  re- 
quire (hat  eggs  waiting  for  shipment  be  stacked  there  out  of  the  sun ; 
(2)  provide  local  refrigerator  service  for  eggs;  (3)  if  refrigerator 
service  is  deemed  out  of  the  question,  provide  ^tock  cars  rather  than 
box  cars  for  moving  eggs  during  the  summer  months. 

THE  CAR-LOT  SHIPPER. 

After  the  eggs  leave  the  hands  of  the  country  merchants  and  local 
cash  buyers  they  are  next  handled  by  the  packers  and  car-lot  sliippers. 
These  men  maintain  central  houses  at  important  railroad  junctions 
and  at  various  other  large  towns  and  cities.  They  are  keen,  shrewd, 
business  men,  handling  large  quantities  of  eggs,  so  that  they  realize 
the  necessity  of  good  treatment  after  the  product  reaches  their  hands. 
AVliile  there  is  still  room,  no  doubt,  for  considerable  improvement  in 
methods  from  this  point  on,  this  end  of  the  trade  is  much  further 
advanced  at  the  present  time  than  that  represented  by  the  producer 
and  storekeeper,  so  that  the  greatest  need  for  the  improvement  of 
methods  of  handling  and  thus  of  improving  the  quality  of  eggs  is 
from  the  farm  to  the  packing  house. 

During  the  course  of  the  investigation  of  conditions  it  was  found 
desirable  to  carry  on  certain  experimental  work.  This  consisted  of 
following  shipments  of  eggs  which  had  been  subjected  to  various  con- 
ditions through  to  the  packing  house  to  determine  the  changes  which 
took  place.  In  this  work  n  card,  the  front  and  back  of  which  is 
shown  below,  was  used  in  assembling  the  data.  The  work  along  tliia 
line  thus  far  conducted  is  not  yet  sufficient  to  be  conclusive,  and  is 
not.  therefore,  discussed  in  this  bulletin. 

[Front  olMTd.l 
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EDUCAUONAI.  WORK. 

It  must  be  remembered  that  while  the  farmers  and  storekeepers  have 
a  general  idea  of  some  things  which  cause  eggs  to  spoil,  there  are 
many  others  of  which  they  are  unaware,  and  the  importance  of  few,  if 
any,  are  fully  realized.  In  all  probability  they  have  not  given  the 
matter  much  thought,  and  since  they  have  been  able  to  sell  all  the 
eggs  they  produce,  though  at  a  comparatively  low  price  to  be  sure, 
they  have  not  realized  that  they  are  actually  losers  as  the  result  of 
the  spoiled  eggs.  It  is  necessary,  therefore,  to  educate  the  farmer 
especially  to  the  true  condition  of  affairs. 

In  its  work  the  bureau  has  kept  this  point  in  mind  and  has  made 
an  eflfort  to  disseminate  information  on  the  matter  wherever  possible. 
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The  packers  and  car-lot  shippers  have  also  realized  the  benefits  which 
-would  accrue  from  giving  the  matter  publicity  and  have  distributed 
circulars  and  other  printed  matter  pointing  out  the  mofit  essential 
features  to  be  observed  in  caring  for  eggs. 

In  connecti<Hi  with  the  investigation  of  conditions  on  the  farm  the 
men  engaged  in  this  work  came  into  personal  contact  with  a  large 
number  of  farmers  and  housewives  and  explained  to  them  the  aims 
of  the  movement  and  the  benefits  to  be  derived  from  it.  It  is  inter- 
esting to  note  that  in  the  case  of  nearly  all  farmers  visited  greater 
interest  is  now  being  taken  in  their  poultry,  and  much  greater  care  is 
being  given  to  the  eggs.  It  is  a  noticeable  fact  that  as  soon  as  a. 
farmer  becomes  interested  in  better  poultry  or  in  better  methods  of 
caring  for  them  he  takes  better  care  of  the  product.  Special  pains 
were  taken,  therefore,  to  give  good  practical  help  along  any  poultrj' 
lines  which  the  farmer  wished.  The  desire  for  information  concern- 
ing housing,  feeding,  etc.,  also  the  best  breeds  to  keep,  and  as  to  which 
were  the  best  birds  in  the  flock,  etc.,  was  astonishing.  By  supplying 
this  information  the  confidence  of  the  farmer  was  won  and  his  help 
and  support  secured  in  the  effort  to  improve  the  quality  of  the  eggs. 

Many  country  stores  were  also  visited.  The  object  of  these  visits 
was  to  become  acquainted  with  the  merchants  and  discuss  with  them 
the  loss-off  system  of  buying.  The  majority  of  these  merchants  know 
little  or  nothing  about  candling,  and  by  practical  demonstration  it 
was  possible  to  show  them  that  it  would  not  be  a  very  difficult  matter 
to  become  expert  enough  to  be  able  to  detect  rots,  spots,  and  blood 
rings. 

Some  educational  work  can  also  be  carried  on  through  the  poultry 
shows.  Anything  which  increases  the  interest  in  better  poultry 
helps  along  the  movement  for  the  improvement  of  eggs.  Poultry 
shows,  particularly  those  held  in  the  smaller  towns,  have  a  great  influ- 
ence along  this  line.  A  judge  who  will  spend  some  time  explaining 
the  good  points  of  birds  and  giving  reasons  for  awards  can  increase 
I  he  educative  value  of  the  show  w<mderfully.  Exhibits  of  eggs  and 
market  poultry  can  often  be  arranged.  Packers  or  produce  men  can  " 
occasionally  be  found  who  will  provide  attractive  prizes  for  these 
classes.  The  bureau  has  in  some  instances  furnished  judges  for  these 
small  shows  and  has  frequently  sent  speakers  for  the  purpose  of  giv- 
ing talks  concerning  the  care  and  handling  of  eggs.  It  has  also  been 
posaible  to  extend  the  educational  work  by  referring  those  interested 
to  the  publications  of  the  United  States  Department  of  Agriculture 
and  those  issued  by  the  State  experiment  stations  on  poultry  subjects. 

RESULTS  OF   FIBSI  SEASON'S  WOBE. 

Although  but  one  season  has  l)een  spent  by  the  bureau  in  this  work, 
several  much-desired  changes  have  been  brought  about.    The  most 
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important  of  these  was  the  adoption  by  the  Kansas  car-lot  shippeni 
of  the  loss-off  system  of  buying  and  selling  eggs.  The  immediate 
effect  of  this  system  was  a  marked  improvement  in  the  quality  of 
Kansas  e^s,  and  this  was  so  apparent  to  the  men  engaged  in  han- 
dling them  that  they  became  intensely  interested  in  the  bureau's  work 
and  voluntarily  offered  their  assistance  in  every  possible  way. 

EXTE>f8I0N    OF    THE    MO^-EHENT    TO    OTHEK    STATES. 

As  a  result  of  its  success  during  the  past  summer,  the  loss-off  system 
of  buying  has  become  more  firmly  established  in  Kansas.  It  also  led 
to  a  meeting  at  Kansas  City,  on  December  20, 1910,  of  the  State  pure- 
food  officials  friHn  Kansas,  Nebraska,  Iowa,  Missouri,  and  Okla- 
homa, with  a  committee  of  car-lot  shippers  of  eggs,  to  discuss  the 
matter  of  administration  and  the  enactment  of  suitable  legislation. 
It  is  believed  that  the  Kansas  larw  may  be  improved  upon  so  that  the 
work  may  be  made  more  effective,  and  for  the  purpose  of  enacting 
uniform  legislation  in  the  States  reprcHented  the  following  bill  was 
drafted  at  the  meeting  for  recommendation  to  the  respective  legisla- 
tures of  the  States  repi-esented : 

AN  ACT  Pot  the  protection  of  public  health  and  Ibc  prevenllon  ot  fraud  hy  reguUlttlB 
the  sale  of  eus  for  food  purpoaee,  provldln);  iwnaltleii  tor  the  Tiolatlon  thereof,  and 
proTldlOK  for  the  eoforcement  thereof. 

Dc  :i  enacted  bu  the  Leginlatuix  of  the  Hiatr  of  KaiimiK: 

SEfmoR  1.  It  Btaali  be  unlawful  fur  niiy  [lerxon.  timi.  ur  (-iir|M)rHtloii  eMgaRed 
In  the  buying  und  sbliqting  of  egtcx.  to  buy.  sell,  biirter,  tnule.  or  deliver,  or  to 
offer  to  buy,  eel],  barter,  trade,  or  deliver  auy  eggs  for  food  {wrposes  between 
rbe  1st  day  of  June  and  the  31st  day  of  Deconber  of  each  year,  witliout  first 
candling  said  eggs,  or  causing  the  Kinie  to  be  cnudled;  &iid  any  euch  person, 
flmi.  or  corporation  who  shiiU  buy,  well,  barter,  triiile,  or  deliver,  or  offer  to  buy, 
iwll,  barter,  trade,  or  deliver  any  such  esgs  witliout  first  caiidllne  the  sanid,  or 
cuu:«lng  the  same  to  be  candlMl.  mid  without  first  removing  all  decayed,  de- 
compoeed,  and  spot  eggs  from  those  candled,  shall  be  guilty  of  a  misdemeanor 
and  punished  as  hereinafter  provided. 

Sec.  2.  The  word  "candle,"  as  used  herein,  shall  be  construed  to  mean  the 
examination  of  eggs  by  means  of  natural  or  iirtlflclal  light,  lu  Huch  a  manner  as 
to  disclose  to  the  person  examining  the  name  whether  the  eggs  so  eKamined  are 
decayed,  decomposed,  or  spot  eggs. 

Sec  3.  That  the  State  board  of  health  Is  authorized  and  directed  to  make  und 
publish  uniform  rules  and  regulations,  not  la  confilct  with  the  laws  of  this 
State,  (or  carrying  out  the  provisions  of  this  net.  Any  person  who  shall  violate 
any  of  the  rules  and  regulations  so  made,  and  published  In  the  oiUclal  State 
l>aper.  shall  be  deemed  KuUty  of  a  misdemeanor,  and  on  conviction  stall  be 
punished  by  a  fine  of  not  less  than dollars,  or  more  than dollars. 

tStC.  4.  That  a  case  of  eggs  shall  contain  30  dozen,  and  it  shall  not  be  con- 
sidered as  a  violation  of  this  act  for  any  person,  firm,  or  corporation  to  buy  or 
sell,  or  offer  to  buy  or  sell,  any  case  of  eggs  for  food  purimses  that  does  oot  con- 
tain more  than  2|  per  cent  of  decayed,  decomposed,  or  spot  ^gs. 
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Sec.  5.  Any  |)ersoii.  Qnit,  or  corponitlon  convicted  of  vlotntlng  any  provleiun 

of  this  act  shall  be  punished  by  a  fine  In  the  sum  of  not  less  than dollars, 

nor  more  than  dollars. 

Sec.  6.  Thiti  act  shiill  take  effect  and  be  In  force  from  and  after  its  publica- 
tion In  the  statute  book. 

Ill  addition  to  the  States  named,  there  is  considerable  interest  on 
the  subject  manifested  in  other  Western  States.  The  senior  author  of 
this  bulletin  was  invited  to  meet  the  State  dairy  amd  food  commis- 
sioner and  egg  buyers  of  South  Dakota  in  January  for  the  purpose 
of  discussing  methods  of  improving  the  egg  trade  in  that  State,  and 
also  addressed  the  Michigan  Car  Lot  Shippers'  Association  at  their 
annual  meeting  in  Detroit  in  February,  1911,  where  much  interest 
was  evidenced  in  the  subject. 

In  inaugurating  such  a  movement,  the  first  essential  is  an  organiza- 
tion of  buyers  agreed  to  buy  only  on  a  loss-off  basis ;  the  second  is  the 
firm  cooperation  of  the  State  authorities  to  prevent  the  ^ipment  of 
bad  eggs  within  the  State.  The  one  is  practically  useless  without  the 
other. 

The  Bureau  of  Animal  Industry  curried  on  work  during  the  stim- 
mer  of  1!)10  in  the  State  of  Kan.sas  with  the  object  of  improving 
the  quality  of  the  eggs  marketed  in  that  State.  As  a  result  of  this 
work,  the  loss-off  method  of  buying  eggs  has  been  quite  generally 
adopted  by  the  car-lot  shippers  and  has  resulted  in  a  most  gratifying 
improvement  in  the  eggs.  Considerable  interest  in  the  movement 
has  been  aroused  in  other  States,  so  that  it  bids  fair  to  spread  rapidly. 

In  connection  with  the  work  a  careful  investigation  of  all  the 
conditions  surrounding  the  handling  of  eggs,  from  the  time  they  are 
produced  on  the  farm  until  they  reach  the  parking  house,  has  been 
made  for  the  purpose  of  determining  the  preventable  factors  causing 
loss  of  quality.  As  a  result  of  this  investigation  the  following  sug- 
gestions are  made  for  the  farmer,  the  country  merchant  and  cash 
buyer,  the  railroad,  and  the  car-lot  shipper. 

SLtHiESTIONS  fOR  FARMER. 

1.  Improve  your  poultry  slock. 

2.  Keep  one  of  the  general -purpose  breeds,  such  as  the  Plymouth 
Kock,  Wyandotte,  Orpington,  or  Khode  Island  Red. 

3.  Provide  one  clean,  dry,  vermin-free  nest  for  every  four  or  five 
hens. 

4.  Conclude  all  hatching  by  May  IS  and  sell  or  confine  male  birds 
during  the  remainder  of  the  summer. 

5.  Gather  eggs  once  daily  during  ordinary  times,  and  twice  daily 
during  hot  or  rainy  weather. 
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6.  In  suniiiier  place  egg»  as  soon  as  giitliered  in  a  t-ool,  dry  rooiii. 

7.  Use  all  small  and  dirty  e^s  at  home. 

8.  Market  e^fs  frequently — twice  a  week,  if  possible — during  the 
smnmer. 

9.  In  taking  eggs  to  market  protect  them  from  the  sun's  rays. 

10.  In  selling,  insist  that  the  transaction '  be  on  a  lose-off  basis, 
for  if  care  has  been  given  the  eggs  this  system  will  yield  more  money 
to  the  producer. 

SnGGESTlONS   FOB  THE  COCNTBY   MERr'HANT  AND  CASH    BPYEB. 

1.  Candle  all  eggs  and  buy  on  a  loss-off  basis. 

2.  Allow  the  farmer  to  see  you  candle  his  eggs  occasionally  and 
return  those  rejected  if  he  wishes  them. 

3.  Pack  carefully  in  strong  clean  cases  and  fillers. 

4.  Do  not  keep  in  a  musty  cellar  or  near  oil  barrels  or  other 
odoriferous  merchandise. 

5.  Ship  daily  during  warm  weather. 

HUfMlESTIONS   FOR  BAIl.HOAD  OFflCIALS. 

1.  Provide  a  covered  portion  of  station  platfot'ms  where  egg  cases 
can  be  stacked  and  see  that  the  agent  stacks  them  there. 

2.  Provide  refrigeration  for  the  egp;  on  the  local  freight. 

3.  Where  refrigerator  cars  are  used  on  local  freights,  see  that  the 
doors  are  kept  closed  when  not  Ioa<ling, 

4.  If  refrigeration  can  not  be  supplied,  provide  stock  cars  rather 
than  box  cars  for  this  purpose  during  the  summer, 

5.  'WTiere  box  cars  are  used  for  epps  do  not  allow  freight  which 
may  hurt  their  quality,  such  as  oil  barrels,  to  be  loaded  in  the  same 
car. 

aUOOESTIOXM    KIR    THE    CAR-IAIT    SHIPPER. 

1.  Buy  strictly  on  a  los.s-off  basis. 

2.  Encourage  the  smaller  buyers  to  trade  on  a  lo^«-olf  basis.  • 

3.  Join  the  State  Car  IjOt  Shippers'  Association. 

4.  Cooperitte  with  other  shippers  and  the  State  officials  in  bringing 
about  this  system  of  buying, 

5.  Keep  the  subject  agitated  and  before  the  ^ople.  In  other 
vords,  educate  them. 
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lEIIER  OF  TRANSMITTAL. 


U.  S.  Depabtment  of  AomCULTUItE, 

BuBEAU  OF  Animal  Industet, 

Waahington,  D.  C,  Jvly  5,  1911. 
Sm:  I  have  the  honor  to  transmit  herewith  and  to  recommend 
for  publication  as  a  bulletin  of  this  bureau  a  manuscript  entitled 
"Dourine  of  Horses:  Its  Cause  and  Suppression,"  by  Dr.  John  R. 
Mohler,  Chief  of  the  Pathological  Division. 

Respectfully,  A.  D.  Meltin, 

Chief  of  Bureau. 
Hon.  Janes  Wn.aoN, 

Secretary  of  Agriculture. 
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ISTROBXta  TIOH. 

On  May  27,  1911,  the  Bureau  of  Animal  Induattj  received  a  letter 
from  Dr.  J.  I.  Gibson,  State  veterinarian  of  Iowa,  stating  that  there 
was  in  Taylor  County  an  outbreak  of  a  disease  suspected  of  being 
dourine,  and  requesting  that  an  expert  be  sent  to  make  an  investiga- 
tion. The  disease  had  been  reported  by  Dr.  A.  H.  Quin,  a  practitioner 
of  Creaton,  Iowa,  and  his  diagnosis  was  subsequently  confirmed  on 
the  part  of  the  bureau  by  Drs.  A.  D.  Melvin,  &.  T.  Davison,  and  the 
writer,  who  were  of  the  unanimous  opinion  that  the  symptoms  and 
lesions  manifested  were  the  most  typical  of  any  of  the  cases  they  had 
observed.  Three  of  the  affected  mares  were  at  once  purchased  and 
sent  to  Washington  for  experimental  purposes.  After  a  careful  and 
prolonged  examination  of  almost  200  slides,  six  living,  wri^ling 
trypanosomes,  Trypanosoma  eguiperdum,  were  found  on  June  28, 
1911,by  the  writer  in  the  blood-tinged  aerum  obtained  from  a  recently 
developed  plaque  on  the  abdomen  of  one  of  the  mares  (No.  79),  thus 
confirming  the  diagnosis  and  also  establishing  the  identity  of  the  dis- 
ease with  that  of  Asia,  Africa,  and  Continental  Europe.  This  is  the  first 
discovery  of  the  TVypaTuuomae^iperdum  in  the  natural  CBsesof  dourine 
in  the  United  States,  although  in  1903  considerable  work  was  donewith 
this  trypanosome  imported  from  France  and  subsequently  inoculated 
into  horses  at  the  Betheeda  Experiment  Station.  Previous  to  1911 
there  had  been  no  authentic  case  of  dourine  reported  amoi^  the 
horses  of  this  country  since  190fl,  although  there  had  been  a  number 
of  alleged  or  suspected  cases  brought  to  the  bureau's  attention  from 
time  to  time  which  demanded  a  full  investigation,  but  always  with 
negative  results.  The  object  of  this  paper  is  therefore  not  only  to 
describe  the  methods  which  have  been  employed  in  suppressing  this 
insidious  disease  of  horses  but  also  to  furnish  such  a  description  of 
the  symptoms  and  lesions  as  to  make  it  easier  to  differentiate  dourine 
from  other  diseases  which  may  simulate  it.  The  chronicity  of  the 
affection,  its  ultimate  fatal  results,  and  the  valuable  breeding  animals 
which  are  usually  attacked,  make  it  of  considerable  economic  sig- 
nificance and  render  its  early  recognition  and  the  subsequent  enforce- 
ment of  prophylactic  measures  extremely  important  to  the  horse 
breeder  and  the  sanitarian. 
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irOHENOLATtrRB. 

This  diae&se  has  been  described  under  various  names,  according  to 
the  country  in  which  it  is  found,  chief  among  which  may  be  mentioned 
"el  dourine,"  "maladie  du  coit,"  covering  disease,  equine  syphilis, 
genital  glanders,  breeding  paralysis,  chancrous  epizootic,  epizootic 
paraplegia,  and  "beach&lkrankheit,"  The  most  commonly  employed 
name  for  this  affection  in  the  United  States  is  the  short  and  distinctive 
term  "dourine,"  which  is  taken  from  the  Arabic,  meaning  "unclean." 

HISTORY. 

The  primeval  home  of  the  malady  is  supposed  to  be  in  Asia,  where 
it  is  considered  to  have  existed  for  centuries.  It  was  first  definitely 
described  in  1796  by  Ammon  as  occurring  among  the  animals  belong- 
to  the  sovereign  of  Prussia  at  Trakelinen.  During  the  first' half  of 
the  nineteenth  century  it  was  described  as  occurring  in  many  coun- 
tries of  Europe,  including  Germany,  France,  Austria,  and  Switzer- 
land. It  was  also  known  to  be  prevalent  along  the  northern  region 
of  Africa  in  Algiers.  It  is  supposed  to  have  been  introduced  during 
the  early  part  of  the  nineteenth  century  into  Continental  Europe 
through  the  importation  of  breeding  horses,  especially  Arab  stallions, 
from  the  Orient. 

In  the  United  States  the  disease  was  first  suspected  in  1885  and 
recognized  in  1886  by  Dr.  W.  L.  WiUiams,  who  was  then  a  practi- 
tioner at  Bloomington,  111.  The  infection  was  traced  to  a  Percheron 
stalhon,  imported  from  France  in  1882,  which  had  a  brand  mark 
under  the  mane  very  much  resembling  the  letter  D  (dourine  ?).  It  is 
supposed  that  he  was  aiTected  mth  the  disease  and  had  been  branded 
in  France  before  being  transported  to  tliis  country.  The  nature  of 
the  disease  not  being  at  first  recognized,  its  dissemination  occurred 
before  attention  was  attracted  to  it.  The  State  of  Illinois,  however, 
took  hold  of  the  outbreak  and  as  a  result  of  rigid  prophylactic  meas- 
ures the  disease  was  eradicated  from  the  State  in  1888,  but  not 
before  an  afTected  stallion  had  been  shipped  to  Gordon,  Nebr., 
thereby  starting  up  a  new  center  of  infection  in  that  locaUty. 

In  1892  dourine  was  again  brought  into  pubUc  notice  by  the  appear- 
ance of  an  outbreak  among  the  breeding  horses  of  northwestern 
Nebraska,  the  history  of  which  suggested  that  it  originated  with  this 
Gordon  stallion.  An  inspector  of  the  Bureau  of  Animal  Industry 
investigated  the  outbreak  and  found  that  upward  of  200  mares  and 
stallions  were  affected  with  the  disease.  Steps  for  the  eradication 
of  this  outbreak  were  begun  in  June,  1893,  at  which  time  some  of 
the  diseased  animals  had  died,  and  the  breeders  were  using  Ul  the 
precautions  possible  to  prevent  its  spread.  Under  the  authority  of 
the  Secretary  of  Agriculture  all  diseased  animals  still  alive,  including 
32  in  Nebraska  and  5  in  South  Dakota,  were  purchased  and  destroyed. 
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After  an  expenditure  of  about  $5,500  the  disease  was  considered  to 
have  been  eradicated  from  that  section  of  the  country.  Five  years 
later  the  infection  again  made  its  appearance  in  t.he  same  portion 
of  Nebraska,  and  early  in  1899  the  bureau  again  b^an  the  work  of 
eradication.  Many  inspections  were  made  and  those  animals  which 
were  found  diseased  were  purchased  and  killed.  Many  obstacles 
were  encountered  and  the  disease  evidently  kept  smoldering  during 
1900. 

In  1901  the  infection  appeared  with  increased  vigor,  this  time  in 
the  Fine  Ridge  and  Rosebud  Indian  Reservations  in  South  Dakota, 
in  addition  to  northern  Nebraska,  and  more  stringent  measures  were 
immediately  inaugurated  to  control  the  spread  of  the  disease.  During 
the  next  year  10  diseased  stallions  and  76  diseased  mares  were  pur- 
chased and  slaughtered  and  29  diseased  stallions  were  castrated. 
However,  eradication  in  this  region  was  extremely  difficult,  owing  to 
the  wild  condition  of  the  country  as  well  as  of  the  horses  and  from 
the  fact  that  many  horse  owners  would  try  to  conceal  from  the  in- 
spectors animals  which  they  knew  to  be  affected  with  the  disease. 
This  reappearance  of  the  disease  among  horses  in  Nebraska  and  South 
Dakota  after  it  apparently  had  been  stamped  out  caused  a  thoi^ 
ough  investigation  of  its  latent  qualities  and  other  peculiarities,  and 
as  a  result  Veterinary  Inspectors  E.  T.  Davison  and  W.  J,  Fretz 
were  stationed  at  Rushville,  Nebr.,  with  instructions  to  prosecute 
vigorously  the  work  of  eradication.  In  1903  there  were  16,287  horses 
inspected,  of  which  511  were  found  diseased  and  were  killed,  wliile 
1,899  staUions  were  castrated.  Careful  and  vigorous  work  was  con- 
tinued in  this  way,  with  the  result  that  8,705  horses  were  inspected 
in  1905,  but  only  1  ataUion  and  8  mares  were  foimd  suspicious  and 
destroyed  and  9  stallions  castrated. 

During  the  year  1903  dourine  was  reported  in  Van  Buren  County, 
Iowa,  and  steps  were  immediately  taken  to  stamp  it  out.  As  a  resijt 
410  horses  wore  inspected,  2  exposed  staUions  were  castrated,  and  18 
mares  slaughtered.  No  connection  could  be  established  between  this 
outbreak  and  that  in  Nebraska,  but  it  was  quite  definitely  determined 
that  an  imported  Percheron  stuUion  purchased  by  a  company  of 
farmers  was  responsible  for  its  appearance. 

In  1 906  the  last  suspicious  cases  of  dourine — 1  stallion  and  2  mares — 
were  destroyed  in  South  Dakota,  and  sufficient  time  has  since  elapsed 
to  warrant  confidence  that  the  disease  has  been  completely  eradicated 
from  that  section  of  the  United  States. 

In  Canada  the  presence  of  dourine  was  discovered  by  Dr.  Burnett 
in  1904,  and  the  causative  trypanosome  was  demonstrated  by  Dr. 
Watson  in  1907,  from  the  vulva  of  a  mare.  From  the  occurrence  of 
this  disease  until  the  latest  available  published  report  in  1909,  628 
animals  were  purchased  and  destroyed.  A  marked  diminution  in 
the  number  of  infected  animals  is  apparent  in  the  report,  and  the  dis- 
ease is  said  to  be  under  control. 
884"— Bull.  142—11 2 
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Aj9  already  stated,  an  outbreak  of  dourine  has  recently  (June,  191 1) 
been  located  in  Taylor  County,  Iowa,  vhere  4  stallions  have  been 
found'  aSeoted  and  5  exposed  to  this  disease.  One  of  the  former 
stallions  has  since  died  of  the  infection.  In  addition,  5  mares  have 
shown  sjrmptoms  of  dourine,  1  of  which  subsequently  died  of  the 
disease,  9  are  suspicious  cases,  and  94  have  been  exposed,  but  at 
present  show  no  evidence  of  infection.  These  diseased  animals,  to- 
gether with  all  exposed  stallions  and  maree,  were  immediately  quaran- 
tined by  the  State,  Those  showing  lesions  of  the  disease  were  pur- 
chased by  the  Govemmect  and  destroyed,  while  the  exposed  animals 
are  still  in  quaruitine  under  observation.  Several  Federal  and  State 
inspectors  are  making  farm-to-farm  inspections  with  the  view  of  dis- 
covering any  latent  or  hidden  cases,  and  it  is  now  believed  that  the 
infection  is  entirely  under  control.  The  source  from  which  this  center 
of  infection  was  derived  is  only  a  matter  of  conjecture,  but  there  is 
appu^ntly  no  connection  between  this  and  any  of  the  previous  out- 
breaks. No  autbentic  information  as  to  the  origin  of  the  outbreak 
has  been  discovered  up  to  the  present  time,  but  all  cases  lead  back  to 
a  Percheron  stallion,  which  was  imported  in  1909  and  brought  direct  to 
l/eiDox,  Iowa.  The  possibility  of  such  animab  bringing  the  infection 
into  this  country  must  be  apparent  from  the  following  explanation. 

Schneider  and  Buffard  mfuntain  that  in  Friuice  dourine  appears 
nearly  every  year  in  the  Department  of  Basses-Pyrenees  on  the 
Spanish  frontier.  It  is  stated  that  mares  get  infected  by  the  esses  or 
horses  by  which  they  are  covered.  It  is  the  custom  to  have  a  mare 
first  covered  by  an  ass,  and  if  not  impr^;nated  she  is  then  served  by 
a  stallion.  The  asses  operate  on  both  sides  of  the  frontier,  and  in 
this  way  introduce  the  disease  into  France  from  Spain,  where  it  has 
been  known  to  occur  for  years,  especially  in  Navarre. 

DBTINITION. 

Dourine  is  a  specific  infectious  disease  affecting  under  natural  con- 
ditions only  the  horse  and  the  ass,  transmitted  from  animal  to  animal 
by  the  act  of  copulation,  and  due  to  a  single-celled  animal  parasite  or 
protozoan,  the  Trypanoaoma  egmperdum.  It  is  characterized  by  an 
irr^ular  incubation  period,  the  confinement  of  the  first  symptoms 
to  the  genital  tract,  the  chronic  course  which  it  runs,  and  by  finally 
producing  complete  paralysis  of  the  posterior  extremities,  with  a  fatal 
tennination  in  from  six  months  to  two  years. 


Many  widely  different  theories  as  to  the  exact  cause  of  this  affection 
have  existed  and  been  advocated  in  the  past  50  years.  The  fact  that 
the  disease  spread  from  animal  to  animal  in  certain  centers  of  infec- 
tion, and  that  large  horse-breeding  districts  and  countnes  which  did 
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QOt  import  any  breeding  umnals,  such  as  New  Zealand,  Australia, 
England,  and  South  America,  remained  fre«  from  the  disease,  showed 
it  to  be  of  an  infectious  nature.  Inyeetigations  by  Thanhoifer 
resulted  in  his  obtuning  bacilh,  cocci,  and  streptoeocci  tiom  the 
blood  and  nervous  system  of  animfila  dead  of  this  disease.  However, 
none  of  these  orguiinns  were  invariably  present,  and  from  the  fact 
that  the  disease  was  confined  almost  exeluHvely  to  breedii^  animals 
and  seemed  to  be  transmitted  sol^y  tbrou^  the  act  of  copulation 
doubt  arose  as  to  the  likelihood  of  any  T^etabie  oi^aoisms  being  the 
causal  agent  in  its  production  and  dissemination.  At  one  time  it  was 
considered  to  be  identical  with  human  syphilis  and  was  thought  to 
be  conveyed  from  man  to  assee  and  maree,  but  the  fallacy  of  this  belief 
was  demonstrated  by  Haossman  and  Knauert. 

As  opposed  to  the  theory  of  coition  playing  the  entire  part  as  a 
means  of  transniiscion  of  the  disease,  we  have  the  statements  of 
Hayne  and  Haxthusen,  who  have  reported  the  disease  in  geldings 
and  also  in  maree  which  have  never  had  sexual  intercourse  with  the 
stallion.  It  may  be  also  transmitted  with  eaee  artificially  by  means 
of  inoculation  into  horses,  dogs,  rabbits,  rats,  and  other  susceptible 
tmimals,  with  relatively  large  quantities  of  the  blood  and  membranes 
of  cOTtain  organs  of  animals  affected  with  the  disease.  However, 
sexual  intercourse  is  by  far  the  most  common  means  of  transmission, 
and  if  otiier  means  do  exist  they  are  so  rare  that  they  have  little  or 
no  practical  importance  in  the  adoption  of  measures  for  the  auppree- 
taoa  <^  the  disease. 

It  was  not  until  1896  that  the  true  cause  of  the  malady  waa  dis* 
covered  by  Rouget,  but  his  work  waa  neither  credited  nor  confirmed 
until  1899.  At  thk  time  two  French  army  officers,  Schnnder  and 
Buffard,  proved  tiiat  tryponosomea  were  associated  in  causal  relation 
to  the  disease,  by  successful  inoculations  of  animals  with  organisms 
from  an  infected  stallion.  Later  Nocard  verified  these  results,  and 
subsequently,  in  1901,  Laveran  and  Meenil  carefully  described  the 
trypanosome,  naming  it  Trypanosoma  rouffeti  after  ite  discoverer, 
although  it  had  previously  been  named  by  Dofiein,  TVypanoaoma 
eqiaperdnim. 

THTPAN080SIA   EQOIPEEDCM. 

This  trypanosome  is  a  unicellular  animal  parasite  (flagellate)  very 
closely  resemblii^  the  numerous  other  varieties  of  trypanosomes 
which  hAve  during  the  last  few  years  been  proved  to  be  the  causes 
of  several  tropical  diseases  of  animals,  chief  of  which  may  be  men- 
tioned surra,  nagana,  and  m^  de  caderas.  When  taken  from  the 
blood  of  an  infected  animal  it  is  a  somewhat  spindle-shaped  organism 
wilii  the  posterior  extremity  bluntly  conical;  anteriorly  (the  head)  it 
B  prolonged  into  a  long,  wavy,  whiplike  flagellum,  giving  the  appear- 
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aDce  of  a  tai],  thus  apparently  reveismg  the  true  poaition  of  the  tail 
and  head.  (S««  PI.  I,  fig.  1.)  Along  one  side  ia  a  wavy,  undulating, 
flangelike  membrane  terminating  in  the  flagellum.  The  nucleus  is 
large  and  located  centrally,  vhile  the  centrosome  or  kinetonucleus  is 
situated  posteriorly,  and  is  the  starting  point  of  the  undulating 
membrane  and  flagellum.  The  trypanosome  is  actively  motile,  but 
not  80  much  so  as  certun  otiier  forms  found  in  rats.  Motion  may 
occur  indiscriminately  forward  or  backward  by  the  rapid  lashing 
movements  started  in  the  flagellum  and  continued  in  the  vibratory 
movements  of  tbe  undulating  membrane;  also  by  the  contraction 
of  the  protoplasm  of  the  body.  The  mze  varies  from  25  to  30  microns 
in  length  by  about  2  microns  thick. 

The  most  sati^actory  way  of  determining  the  presence  of  these 
parasites  ia  to  examine  fresh  preparations  of  tlie  suspected  fluid 
spread  in  a  thin  layer  on  a  slide,  covered  wiUi  a  cover  slip  and  viewed 
with  a  4-millimeter  objective  and  No.  4  ocular.  The  bypanosomes 
may  be  readily  stained  and  thdr  structure  brought  out  well  by 
Oiemsa's  azur-eoain  stain,  Nocht's  modification  of  Romanowsky's 
method,  or  by  Borrel'a  blue. 

In  order  to  make  a  complete  study  of  this  protozoan  aa  it  exiata 
in  France  and  Algiers,  a  small  dog  was  imported  by  the  writer  for 
the  bureau  in  1903  after  being  inoculated  in  Prof.  Nocard'a  labo- 
ratory at  the  Alfort  Veterinary  School  with  blood  infected  with 
Trypanosoma  equiperdv/m.  This  animal  arrived  safely  in  this  country 
in  an  apparently  healthy  condition,  giving  rise  to  apprehensions  as 
to  the  success  of  the  inoculation.  In  a  few  weeks,  however,  it  began 
to  show  signs  of  illness.  The  temperature  rose  to  103°  F.;  the 
sheath  and  the  inside  of  the  thigh  became  swollen  and  edematous. 
These  swellings  at  first  would  disappear  for  a  day  or  two,  only  to 
recur  over  a  larger  area.  The  animal  became  considerably  emaciated, 
the  edematous  swelUnga  spread,  involving  the  whole  inner  surface  of 
the  thighs,  as  well  as  the  entire  length  of  the  sheath,  the  appetite 
became  poor,  and  the  animal  died  in  November,  about  6  weeks  after 
its  arrival  or  8  weeks  after  the  inoculation.  During  the  life  of  the 
dog  after  the  first  appearance  of  symptoms  microscopic  examinations 
were  made  daily  of  the  blood  taken  from  the  peripheral  circulation 
as  well  as  from  the  serum  in  the  edematous  areas  about  the  genitals 
for  the  purpose  of  recording  the  trypanosomes  present,  but  they 
were  always  extremely  scarce.  After  death  these  organisms  were 
found  ia  great  numbers  in  the  heart,  blood,  lungs,  liver,  kidneys, 
and  spleen. 

It  was  with  the  trypanosomes  obtained  from  this  dog,  kept  alive 
by  continued  passage  through  white  rats,  rabbits,  dogs,  and  horses, 
that  most  of  our  work  with  the  organism  has  been  done.  White 
rats  were  by  far  the  most  satisfactory  experiment  animals  for  the 
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Tig.  1  .—Trypanosoma  Equiperdum  from  Plaque  on  Mare  79.   (Composite  Drawing.) 


Fig.  2.— Trypahosoma  Equiperdum  from  a  Culture. 
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propagation  of  the  organism,  as  it  proved  much  more  pathogenic 
for  them,  death  usually  occurring  in  from  2  to  6  months  after 
inoculation.  The  trypanosomes  were  also  more  readily  recovered 
from  these  animals.  Although  rabhits  after  inoculation  became  grad- 
ually emaciated  and  finally  died  in  from  2  to  8  months,  it  was  only 
by  long  and  careful  microscopic  examination  that  any  trypanosomes 
could  be  found  in  their  viscera  after  death. 

The  length  of  time  which  this  protozoan  lives  when  kept  in  blood 
or  body  fluids  taken  from  the  dead  animals  varies  considerably,  but 
is  generally  stated  as  being  a  very  short  time.  Thus  Rouget  observed 
it  to  keep  its  motility  for  18  hours,  but  never  after  24  hours.  In  the 
blood  of  the  French  dc^,  as  well  as  in  physiologic  salt  solution  emul- 
sions of  the  liver  and  spleen,  the  parasites  were  actively  motile  on 
the  second  day,  a  few  were  still  observed  on  the  third  day,  but  on 
the  fourth  day  none  could  be  found,  showing  that  all  were  destroyed 
between  72  and  96  hours  after  the  death  of  the  host. 

Cm-TIVATION   OF  THE   TRTPANOSOUE. 

The  attempts  at  cultivation  of  this  organism  were  attended  with 
a  great  many  difficulties,  as  it  was  rarely  possible  to  obtain  the 
organ  iwms  in  sufhcient  concentration  to  get  more  than  a  few  try- 
panosomes in  each  tube  of  media.  Contaminations  were  also  fre- 
quent, as  hanging  drop  preparations  made  under  perfectly  sterile 
precautions  from  the  blood  and  oigans  of  the  rats  showed  bacteria 
in  numerous  cases  within  one-half  hour  after  death.  The  media  abo 
had  to  be  made  up  fresh  continually,  as  the  water  of  condensation 
dried  out  and  the  color  of  the  blood  in  the  media  rapidly  became 
dark,  due  to  the  breaking  up  of  the  hemoglobin,  after  which  change 
the  material  was  of  Uttle  value  for  the  growth  of  the  parasite.  The 
medium  used  in  these  experiments  was  blood  agar  prepared  after  the 
method  suggested  and  used  by  Novy  and  McNeal. 

Kabbits'  blood  was  used  throughout  the  experiments.  The  blood 
was  drawn  from  the  carotid  artray  through  a  sterilized  glass  tube 
into  sterile  potato  tubes  containing  sterile  beaters  with  which  the 
blood  was  defibrinated.  More  satisfactory  results  were  afterwards 
obtained  with  less  danger  of  contamination  by  securing  all  the  blood 
in  one  flask.  The  sterile  deflbrinated  blood  was  then  mixed  with 
equal  parts  of  melted  neutral  or  faintly  alkaline  agar,  or  in  the  pro- 
portions of  2  parts  of  blood — or,  better,  3  parts — to  1  of  agar,  and 
allowed  to  sohdify  in  the  slanting  position,  after  wluch  the  conden- 
sation water  was  inoculated.  Great  cetn  had  to  be  taken  in  keeping 
the  constituents  of  the  medium  sterile  during  aU  the  manipulations, 
as  the  sterilizatioib  of  the  finished  product  was  impracticable,  owing 
to  the  firm  coagulation  and  alteration  of  the  blood  by  the  heat. 
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Rouget  attempted  to  cultivate  the  Trypanosoma  eguiperdum  at 
37°  C,  but  was  uniformly  unsucceeeful,  the  oi^anism  never  multiply- 
ing and  only  remaining  alive  for  24  hours.  The  same  results  attended 
all  our  early  efforts,  although  the  cultures  were  invariably  kept  at 
room  temperature.  The  OTganism,  however,  seemed  to  flourish  in 
white  rats,  and,  if  anything,  it  became  more  virulent  for  them  by 
successive  inoculations,  appeuing  in  greater  and  greater  numbers  in 
the  blood  and  viscera  at  post-mortem  until  finally  hanging-drop 
preparations  made  from  the  blood  seemed  to  be  alive  with  the  minute 
wriggling  organisms.  One  loopful  of  this  blood  would  contain  prob- 
ably 200  or  even  more  of  these  trypanoaomes.  The  continued 
inoculation  of  a  medium  composed  of  three  parts  of  blood  to  one  of 
agar  with  such  great  numbers  of  the  organism  was  finally  crowned 
with  success,  since  which  time  14  generations  have  been  grown,  cov- 
ering a  period  of  over  nine  months,  and  no  difficulty  was  experienced 
in  keeping  the  trypanosomes  ohve  by  frequently  transferring  them 
to  freah  medium.  The  cultures  were  finally  destroyed  through  con- 
tamination of  the  media.  The  inoculation  of  experiment  animals 
with  these  cultures  seems  to  indicate  that  there  was  some  reduction 
in  their  virulence,  but  too  small  a  number  of  inoculations  have  been 
made  to  draw  definite  conclusions. 

The  first  three  attempts  at  cultivating  this  protozoan  were  direct 
failures,  as  the  6  tubes  used  in  the  first  two  coses  and  9  in  the 
third  failed  to  show  any  trypanosomes  after  the  fourth  day.  The 
fourth  inoculation,  consistii^  of  11  tubes  made  on  March  9  with 
blood  ^ar  (3  to  1)  resulted  in  the  multiplication  and  development  in 
one  tube  of  trypanosomes,  but  after  the  sixteenth  day  this  encourag- 
ing culture  died,  and  despite  subinoculations  no  further  growth  could 
be  obtained.  On  April  12  a  fifth  attempt  was  entirely  successful,  as 
3  of  the  14  tubes  inoculated  gave  evidence  of  development.  After 
the  inoculation  of  the  medium  with  the  infected  blood  the  tubes 
were  sealed  with  paraffin  or  sealing  wax  and  placed  in  a  dark  closet 
at  room  temperature.  Six  days  later  a  drop  of  the  water  of  conden- 
sation was  examined  and  found  to  contain  a  number  of  very  active 
trypanosomes,  some  that  were  languid,  showing  a  tendency  to  agglom- 
erate, and  also  many  degenerated  and  inactive  oi^anisms.  On  each 
succeeding  day  the  number  of  the  latter  seemed  to  be  augmented, 
while  the  very  active  forms  were  rapidly  decreasing,  until  the  twelfth 
day,  when  the  tubes  showed  numerous  irregular  granular  bodies 
which  were  small,  contracted,  and  rounded,  representing  degenerated 
forms  of  the  trypanosome.  Two  days  later  small  forms,  about  one- 
half  the  size  of  the  adult  oi^anism,  were  observed  gathered  together 
in  colonies  containing  from_4  or  5  to  20  or  30  individuals.  These 
were  actively  motile,  and  by  their  appearance  suggested  a  new 
generation  of  parasites.     The  smaller  colonies  were  in  several  cases 
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attached  to  a  red  blood  ccvpuscle.  No  undulating  membrane  could 
be  detected  on  the  bodies  of  the  parasites,  and  it  was  very  difficult  to 
determine  whether  these  bodies  were  gathered  together  with  their 
anterior  or  posterior  extremity  directed  inward;  in  some  cases.how- 
erer,  very  fine  filaments  could  be  seen  in  the  center  of  the  colonies 
or  rosettes. 

These  colonies  increase  in  number  and  aioe  until  one  clump,  by  the 
coalescence  of  numerous  smaller  groups,  may  contain  several  hun- 
dred closely  packed  wriggling  forms  of  trypanosomes.  The  elements 
in  these  united  dumps  are  arranged  radially  like  the  clusters  of 
actinomyces.  (See  PI.  I,  fig.  2.)  Such  large  colonies  are  not  fre- 
quent and  are  always  irregular  and  usually  elongate  in  outline.  As 
tbey  grow  older  some  of  the  individuals  become  disengaged  and 
wriggle  around,  frequently  throwing  their  flagella  about  a  red  cell, 
and  move  about  in  a  circle,  but  with  leas  activity  than  is  shown  by 
the  original  organisms.  The  flagella  appear  usu^ly  longer  than  the 
length  of  the  trypanosome's  body.  At  timee  individuals  are  seen 
united  in  pairs  by  their  postmior  extremities.  Many  involutjon 
forms  and  bodies  representing  developmental  stages  may  also  be 
observed  with  an  irregular  nucleus,  one  or  several  vacuoles  in  the 
posterior  extremity,  and  several  small  granular  bodies  at  the  anterior 
extremity.  These  organisms  are  of  various  shapes,  from  long,  narrow, 
crescentic  forms  to  sbort.  thick  bodies  like  tadpoles.  Some  of  these 
organisms  are  inactive  and  are  probably  involution  or  transitional 
forms,  while  others  are  quite  motile  and  represent  the  developmental 
stages.  The  nuclei  of  the  former  seem  to  be  the  first  to  alter  their 
shape,  assuming  various  peculiar  positions  and  finally  disappearing. 
The  cell  body  then  contains  a  number  of  small  vacuoles  scattered 
irregularly  throughout  its  protoplasm.  The  protoplasm  finally  con- 
tracte  into  a  spherical  body  or  may  disappear  entirely,  leaving  the 
centrosome  attached  to  the  flagella  and  giving  the  appearance  of  a 
spermatozoan. 

The  growth  of  these  i»x»tozoa  in  the  blood-agar  medium  gave  but 
slight  microscopic  evidence  of  development.  No  colonies  appeared 
on  the  slanted  surface  of  the  medium,  and  the  only  indications 
denoting  growth  were  a  slightly  increased  turbidity  of  the  water  of 
condensation  and  a  flocculent  precipitate  at  the  bottom  which  con- 
tained many  bodies. 

SEABOHING  lYlR  THE  TttTPANOSOKKS. 

After  the  trypanosome  had  been  obtained  and  studied  a  mare 
and  a  Percheron  staUion  affected  with  the  American  form  of  the 
disease  were  shipped  to  Washington  from  the  West  in  1904.  These 
animals,  particulariy  the  stallion,  exhibited  all  the  characteristic 
symptoms  of  the  disease  and  were  considered  typical  cases  in  which 


..Goo^^lc 


16  DOUBIKE  OF   HOBSES:   ITS  CAUBB  AND   SUPPBESSION. 

to  find  the  trypanoaomes.  Blood  was  drawn  from  the  animals  two 
and  three  times  weekly  from  both  the  veins  and  from  plaques  or 
urticarial  swellings  wliich  appeared  frequeotly  on  the  staUion.  On 
several  occasions  blood  was  drawn  at  midnight  in  order  to  insure 
the  detection  of  the  parasites  in  case  they  were  only  present  in  the 
circulation  nocturnally.  Without  exception,  however,  no  trypa- 
nosomes  were  found,  and  post-mortem  examiDations  held  on  these 
animab  were  negative  for  these  parasites  in  every  case.  Further, 
numerous  experimental  animals,  including  rabbits,  guinea  pigs,  rats, 
mice,  and  dogs,  were  inoculated  with  small  quantities  of  blood  and 
various  other  fluids  from  the  diseased  horses,  with  negative  results 
and  although  in  some  cases  death  of  the  small  experimental  animals 
seemed  to  result  from  inoculation  after  a  progressive  emaciation 
lasting  over  a  period  of  three  to  five  months,  the  majority  of  these 
animals  died  of  some  intercurrent  disease  without  showing  any 
trypanosomes.  From  the  fact  that  the  trypanosome  was  found 
rather  easily  in  the  animab  dead  of  the  European  disease,  with  the 
exception  of  rabbits,  and  that  the  most  careful  examination,  micro- 
scopical as  well  as  inoculation  tests  failed  to  sliow  the  parasite  in 
the  natural  disease  of  this  country  until  tire  1911  outbreak  of  dourine 
in  Iowa,  it  seems  conclusive  to  the  writer  that  the  TTypaTwaoma 
eqaiperdum  are  fewer  in  number,  less  aggressive,  and  not  as  virulent 
in  the  dourine  of  the  United  States  as  they  are  in  the  countries  where 
the  disease  is  indigenous.  In  fact,  the  disease  appears  to  be  more 
acut«  and  fatal  in  Asia  and  northern  Africa  than  in  Europe,  and  the 
Trypanosoma  eguiperdum  at  the  same  time  are  more  easily  detected, 
while  in  America  the  disease  is  even  less  acute  and  fatal  than  in 
Europe  and  the  trypanosome  even  more  elusive. 

The  teclinique  used  in  finding  the  trypanosomes  in  the  recent  Iowa 
outbreak  was  to  select  a  freshly  formed  plaque,  from  which  the  hair 
was  shaved  and  the  skin  disinfected  with  carbohc  acid  followed  by 
alcohol  and  distilled  water.  The  skin  over  the  plaque  was  next 
scarified  with  a  sharp  scalpel,  as  in  human  vaccination,  until  the 
serum  commenced  to  ooze  from  the  capillaries.  A  water-vacuum 
apparatus  was  then  prepared  in  order  to  aspirate  the  serum  from 
the  plaque.  An  ordinary  strong  wash  bottle  was  obtained,  in  the 
neck  of  which  was  placed  a  rubber  cork  with  two  openings  contain- 
ing a  short  and  a  long  glass  tube.  The  long  tube  was  connected  by 
rubber  tubing  to  a  funnel,  wliich  was  held  against  the  plaque,  wliile 
the  short  tube  was  connected  with  a  water-exhaust  pump,  A  small 
cotton  plug  was  left  in  the  short  tube  of  the  wash  bottle  to  prevent 
the  return  of  unfiltered  air  when  the  exhaust  apparatus  was  removed. 
The  water  was  then  turned  on  and  the  aspirating  faucet  slowly  set 
to  work  in  order  that  the  exhaust  would  not  be  too  great  at  the  begin- 
ning.    By  this  method  the  blood-tinged  serum  was  readily  drawn 
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into  the  bottle  and  about  10  c.  c.  collected.  Thia  was  subsequently 
centrifugalized  and  the  upper  layer  of  sediment  examined  in  fresh 
smear  preparations,  with  the  result  that  tiypanosomee  were  observed 
in  Umited  numbers.  They  have  always  been  very  scanty  and  are 
only  found  after  prolonged  and  tedious  examination.  Horse-meat 
bouillon,  rabbits,  and  rats  have  been  inoculated  with  the  lower 
strata  of  this  fluid,  but  thus  far  only  the  latter  have  revealed  the 
presence  of  these  protozoa. 


Material  taken  directly  from  infected  horses  seems  to  possees  a  very 
fluctuating  virulence  for  small  experimental  animals.  While  in  Alge- 
ria rabbits  and  dt^,  as  well  as  nuce  and  rats,  could  be  successfully 
infected,  in  Himgary  the  material  from  horses  affected  with  dourine 
has  only  proved  to  be  virulent  for  solipeds.  Thus,  as  Marek  has 
already  pointed  out,  it  seems  that  the  virus  has  much  more  viru- 
lence in  the  southern  than  in  the  northern  countries,  or  that  it 
requires  the  injection  of  a  large  amount  of  fluid,  which  small  experi- 
ment animals,  as  a  rule,  do  not  receive,  in  order  to  include  a  sufiBcient 
number  of  trypanoaomes  to  produce  the  disease. 

llie  fact  that  under  natural  conditions  dourine  is  transmitted 
solely  by  coition  causes  it  to  differ  from  all  other  trypanosomiases, 
once  the  latter,  so  far  as  is  known,  are  propagated  by  a  biting  insect, 
usually  a  fly,  acting  as  a  vector  or  carrier.  Thus  the  trypanosome 
of  dourine  has  the  ability  to  penetrate  the  intact  mucosa  of  the  geni- 
tal tract,  whereby  it  reaches  the  blood,  and,  later,  the  more  distant 
parts  of  the  body.  It  takes  its  nourishment  by  osmosis  and  does  not 
invade  the  blood  cells.  Its  pathogenic  action  seems  to  result  from 
the  production  of  certain  not  yet  determined  poisons,  which  act  first 
on  the  peripheral  nerves  and  later  on  the  general  nervous  system. 
A  cellular  infiltration  of  the  nerve  tissues  develops,  wherefrom  the 
nerve  fibers  as  well  as  the  nerve  cells  d^enerate  and  finally  com- 
pletely disappear. 

Some  authors  ace  of  the  opinion  that  the  disease  has  a  more  rapid 
and  unfavorable  course  in  stallions  than  in  mares,  while  in  asses  the 
disease  in  most  cases  is  confined  to  the  local  infection  of  the  genital 
oigana.  Although  the  predisposition  of  sofipeds  to  the  infection  is 
quite  marked,  not  all  stallions  which  serve  diseased  mares  or  all 
marea  served  by  infected  staUions  contract  the  disease.  According 
to  RdU,  about  66  per  cent  of  the  mares  exposed  to  the  infection 
become  diseased. 

A  striking  illustration  of  how  a  stallion  may  transmit  the  disease 
from  an  infected  to  a  healthy  mare  without  contracting  the  disease 
himself  is  given  in  the  case  of  stallion  31.  Frequent  atten^its  were 
834"— Bull.  142—11 3 

Digi^zedbyGOOJ^Ie 


18  DOUBINE  OF  HOBBES:  ITS  CAUSE  AND  3UPPBES8I0N. 

made  to  infect  this  horse  through  service  with  mare  30,  affected  with 
douiine,  but  without  results.  Finally,  on  June  4,  1902,  the  horse 
was  allowed  to  serve  a  native  Virgima  mare  (No.  32)  shortly  after 
coition  with  mare  30.  This  was  repeated  during  the  next  five  days. 
On  June  20  the  mucosa  of  the  vulva  of  nLare  32  was  erythematous, 
and  rabbits  and  guinea  pigs  were  inoculated  with  the  secretion  'with- 
out results.  On  June  29,  when  the  mare  was  taken  out  of  the  stable 
for  another  service,  her  gait  waa  noticed  to  be  misteady  behind. 
She  seemed  to  have  a  rolling  motion  from  side  to  side,  and  it  was 
thought  that  ^e  would  not  have  sufficient  strength  to  support  the 
male  on  her  back.  During  the  next  few  days  she  seemed  nervous 
and  to  be  falling  off  in  flesh,  although  her  appetite  remained  good. 
On  July  5  the  mare  became  acutely  ill  about  4  a.  m.  At  9  a.  m. 
she  went  down  on  her  side  with  head  thrown  back  and  back  curved 
downward.  She  was  completely  paralyzed,  being  unable  to  regain 
her  feet  even  with  assistance.  Her  respiration  was  quite  rapid,  both 
abdominal  and  thoracic.  Her  abdomen  was  somewhat  distended 
with  gas  and  she  passed  a  little  gas  constantly.  Her  eyes  had  a 
sunken  appearance,  but  there  was  no  perspiration  apparent.  There 
was  a  slight  discharge  from  the  vxilva,  the  mucosa  of  which  was 
extremely  inflamed.  The  mare  died  at  6  p.  m.,  and  an  autopsy  was 
made  the  following  morning. 

The  autopsy  showed  the  heart  to  be  normal,  lungs  congested,  livw 
pale,  yellow,  and  friable,  kidneys  sli^tly  pale,  spleen  normal  in  size, 
with  a  few  ecchymoses  under  the  capsule.  The  posterior  portion  of 
the  diaphragm  was  covered  with  fine  white  bands  of  £brous  tissue. 
The  intestines  were  filled  with  gas,  but  otherwise  empty.  Small  dif- 
fused extravasations  of  blood  were  noted  under  the  serous  membrane 
of  the  cecum  and  the  lai^e  colon.  The  right  ovaty  was  enlarged,  and 
softened  with  cysts.  The  left  ovary  appeared  nonual  in  size,  but 
contained  small  cysts.  The  mucous  membrane  of  the  uterus  was 
edematous  and  hemorrhagic  in  patches.  The  os  was  inflamed  and 
the  vagina  contained  edematous  and  hemorrhagic  areas.  The 
vulva  was  inflamed  and  contained  one  mucoid  cyst  and  mmierous 
petechial  hemorrhages.  The  bladder  showed  cystitis  and  was  lined 
with  a  yellowish  exudate. 

What  eJTect  the  complicating  attack  of  flatulent  colic  had  upon  the 
course  of  the  disease  is  difficult  to  determine,  but  it  is  the  only  case 
in  our  experience  of  such  short  duration  and  with  such  acute  lesions 
of  the  genitals.  Inoculations  of  material  from  this  mare  into  rabbits, 
guinea  pigs,  rats,  and  a  dog  were  attended  with  negative  results. 

In  order  to  compare  the  results  obtained  from  the  inoculation  of 
material  from  a  case  of  natural  dourine  with  the  disease  produced 
by  the  injection  of  virulent  material  from  France,  the  following  exper- 
imental cases  in  equines  are  appended.    These  cases  have  brought 
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Fra  1— Percheron  Stallion  42,  Smowino  Condition  at  the  Time  of  Purchase. 


FiQ.  2.— Same  Stallion  After  Dourine  had  Developed. 

Spots  on  tide  and  croup  give  lociiltun  of  plaques. 
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Fia.  2.— Mare  47  i«  the  Last  Stage  of  Ooufiine. 
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forward  some  int^rdstiiig  facts  about  the  tranfiimseion  of  the  disease, 
and  may  be  divided  into  two  series : 

1.  A  case  in  which  the  American  disease  was  transmitted  hj  a 
stallion  indirectly  from  an  infected  to  a  normal  mare,  which  has  becm 
described  above  mider  the  notee  on  mare  32. 

2.  Cases  in  which  both  the  American  and  the  European  disease 
were  transmitted  by  subcutaneous  inoculations  of  infected  blood. 

In  conducting  the  latter  experiments  a  female  ass  was  injected 
with  serum  taken  from  plaques  which  appeared  intermittently  on 
stallion  42.  Before  describing  the  results  of  these  injections  brief 
notes  will  be  given  of  the  symptoms  and  lesions  manifested  in  this 
stallion. 

Staluon  No.  42. 

BUck  Btallion  received  April  25,  1904,  ahowing  chronic  eymptoma  of  doorine. 
This  cMe  was  one  of  the  most  typical  that  had  com«  uader  our  obeervatioa,  and  one 
of  th«  few  oeen  in  which  cutaneoua  plaquee  had  been  noted  up  to  that  time.  Hia 
condition  waa  very  poor  and  showed  considerable  Iom  of  coocdination  in  the  hind 
quartern.  Several  deep  scars  were  noted  on  the  penis,  and  the  testicles  were  swollen. 
Plates  II  and  III  will  give  a  good  idea  of  his  appearaoce  befcve  and  aftec  showing 
symptoms  of  dourine. 

April  26.  Stallion  served  mare  43  after  ehe  had  been  served  by  stallion  31. 

May  2.  Stallion  served  tnare  43.    A  oew  plaque  has  appeared  on  left  shoulder. 

May  11.  The  plaque  developing  on  left  Hhoulder  is  now  well  developed,  about  3 
inches  in  diameter  by  one-eighth  to  one-fourth  inch  in  height,  and  has  a  well-defined 

An  iudaiou  waa  made  into  plaque  and  blood  diawn  to  inject  rata  and  rabbits.  Pra- 
queot  inoculations  of  small  animals  were  made  with  the  contents  of  the  plaquee.  but 
always  with  n^iative  results. 

Hay  12.  The  plaque  noted  yesterday  seems  to  be  slightly  decreased.  A  new  one 
about  1)  inches  in  diameter  is  forming  back  of  right  shoulder. 

May  13.  Stallion  is  losing  in  condition  and  is  very  hollow  in  6aDks.  The  pkque 
on  left  shoulder  is  still  fKBeat  but  is  reduced  in  height.  Three  plaques  are  present  on 
back  of  right  dioulder.    One  plaque  is  forming  in  front  of  right  shoulder. 

May  14.  The  plaques  are  disappearing. 

May  IT.  Stallion  served  mare  43  and  then  mare  36. 

Hay  19.  Has  two  small  plaques  on  ri^t  side  and  one  on  left  shoulder.  The  one 
in  front  of  right  shoulder  is  disappearing. 

May  20.  Served  mares  43  and  36  in  the  same  manner  as  on  May  17.  Has  two  small 
plaques  back  of  left  ahoulder  and  two  small  ones  on  right  side.  The  one  in  front  of 
nght  shoulder  from  which  blood  was  drawn  has  disappeared. 

May  21.  Has  five  small  plaquee  on  right  side,  one  back  of  ri^t  shoulder,  oike  bark 
of  and  one  on  left  shoulder;  the  latter  is  very  small. 

May  23.  Has  two  plaquee,  one  about  3}  inches  in  diameter,  and  tbe  other  about  2 
inches  in  diameter,  back  of  left  sfaoulder,  and  one  plaque  about  3  inches  in  diameter 
on  right  side. 

May  24.  Has  one  plaque  about  4  by  6  inches  in  diameter  on  left  shoulder  and  one 
about  6  inches  in  diameter  just  in  front  of  left  flank. 

May  26.  Plaques  have  nearly  disappeared.  Animal  is  extremely  thin.  An 
attempt  was  made  yesterday  to  have  him  s^ve  mare  41,  but  he  was  unable  to  have  an 
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Hay  27.  The  plaquea  }uve  about  dinppeiired. 

May  28.  No  plaquee  visible.    Hind  lege  from  hocks  down  are  swollen.     An  attempt 
was  again  made  to  have  him  serve  mare  41,  but  be  was  unable. 
Hay  31.  Has  two  small  plaques  on  left  hip.    Tbe  hocks  and  below  hocks  are  much 

June  1.  Stallion  served  healthy  mare  41  hMlay. 

June  2.  Has  one  plaque  4  inches  in  diameter  on  left  hip,  and  one  about  3  by  4 
inches  in  diameter  on  right  nide.     I^ega  from  bocks  down  are  atill  swollen. 

June  3.  Plaques  mme  as  yestertisy,  and  hocks  are  much  swollen. 

June  4.  The  plaques  are  diuppearing. 

June  6.  Tiko  two  plaques  noted  tm  left  hip  several  days  ago  have  not  yet  entirely 
disappeared.    No  new  ones  present. 

June  9.  Plaque  on  left  hip  from  which  blood  was  last  dmwn  is  still  present.  The 
Dew  one  near  root  of  tall  has  almost  disappeared.    No  new  ones. 

June  10.  Has  two  small  plaques  on  back  to  the  right  of  the  spinal  column. 

June  11.  The  plaque  from  which  blood  was  last  drawn  has  disappeved.  The  two 
plaques  noted  yesterday  are  stJIl  present. 

June  16.  The  two  plaques  note<I  on  side  are  slowly  increasing  in  size  and  heighL 
A  new  one  is  b^inning  to  develop  on  opposite  side. 

June  17.  Plaques  still  present.    Swollen  condition  of  hocks  has  disappeared. 

Jtine  18.  Has  one  plaque  2  by  4  inches  in  size  on  right  flank,  one  about  2  inches  in 
duuneter  on  back  to  the  right  o(  spinal  column,  and  one  on  left  side. 

June  20.  Plaques  nme  as  noted  yesterday,  except  that  a  new  one  about  1}  iachee 
in  diameter  has  formed  on  left  shoulder. 

June  22.  The  plaque  on  left  dioulder  is  a  little  larger  than  on  yesterday.  One 
still  present  on  left  aide.    None  present  on  right  mde. 

June  24.  Has  three  plaques  on  left  side  of  back.    Sheath  somewhat  swollen. 

June  28.  Has  an  edematous  area  4  by  8  by  2  inches  in  size  on  chest  to  left  of  ster- 
num. One  plaque  2  inches  in  diameter  in  left  axilla,  one  the  same  mze  in  front  of 
left  shoulder  (the  hair  has  been  rubbed  from  the  surface  of  this  one),  one  1)  inchea 
in  diameter  on  left  flank,  one  about  5  inches  in  diameter  on  left  hip,  and  two  small 
ones  back  of  right  shoulder. 

June  29.  Seems  about  the  same  as  yesterday.  An  attempt  was  made  to  have  this 
stallion  serve  mare  43,  but  while  he  had  no  trouble  to  have  an  erection  he  made  no 
attempt  to  mount  the  mare,  though  she  seemed  very  anxious  to  have  him  do  so. 

July  2.  Has  bad  a  mw  sore  1)  inches  in  diameter  on  right  flank,  which  looks  as 
thou^  it  might  have  been  caused  by  nibbing.  Has  two  small  plaques  on  the  cheet 
to  left  of  sternum.  No  other  plaques  visible.  Appetite  is  good  and  he  ij)  in  about 
the  same  condition  as  for  some  time  past. 

July  8.  Has  one  plaque  about  4  inches  in  diaoieter  on  left  hip;  three  very  low 
ones,  each  about  1)  inches  in  diameter,  in  front  of  left  shoulder;  one  about  3  inches 
in  diameter  back  of  ri^t  shoulder.    Animal  seems  to  be  holding  his  own. 

July  11.  Has  one  plaque  about  4}  inches  in  diameter  back  of  left  shoulder  and 
one  about  2^  inches  in  diameter  on  left  hip.  The  sore  on  right  flank,  noted  some 
lime  ago,  does  not  heal  and  now  has  an  unhealthy  appearance. 

July  16.  No  plaques  viable.  Sore  on  right  flank  healing.  Condition  of  animal 
is  poor,  but  he  seems  to  be  holding  his  own. 

July  23.  Losing  in  condition.  Has  one  plaque  about  2}  inches  in  diameter  on 
left  hip. 

July  27.  Has  a  plaque  about  3  by  4  inches  in  diameter  on  fight  hip  at  root  of  tail; 
this  was  noticed  for  the  fiist  time  yesterday  afternoon.  The  one  noted  on  left  hip 
some  time  ago  is  still  present  and  is  about  4  inches  in  diameter. 

Augusts.  Plaque  on  left  hip  still  present;  shape  and  sise  changes  from  day  to 
day.    The  one  on  light  hip  from  which  blood  was  drawn  has  dis^peand. 
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August  9.  Plaque  on  left  hip  still  present.  No  new  onee.  Condition  uf  uumd  ia 
Toy  poor,  but  be  haa  a  good  appetite  and  ia  bright. 

September  10.  One  plaque  hat  appeared  on  left  lumbar  region. 

September  SO.  Donkey  34  injected  nibcutaneoudy  in  left  aide  of  neck  with  10  c.  c. 
of  Mood  diawn  bom  a  plaque  on  tett  Up. 

(Non. — Thia  donkey  ia  to  be  injected  whenever  suitable  plaques  appew  on 
atallion.) 

Stallion  haa  thne  plaquea  on  each  hip,  each  in  size  from  2  to  3  inches. 

September  30.  Hind  legs  much  swollen,  alao  scrotum  and  sheath.  Several  plaques 
on  thighs. 

October  3.  Plaques  have  almost  disappeared,    (isnecal  condition  very  poor. 

October  6.  Has  been  down  rince  yestetday  mwning,  and  ia  hdpleas.  Recitation 
Ttty  much  accelerated. 

Forty  cubic  centimeters  of  blood  drawn  and  uaed  to  inject  donkey  34. 

October  S.  Still  Uee  stretched  out,  and  respiration  ia  quite  rapid. 

October  7.  Found  dead  this  morning. 

The  temperature  of  this  anintal  taken  twice  daily  since  April  26  dMWS  a  range 
between  101°  and  102.8°  F.  tSaay  microscopic  examinationB  of  the  contents  of  the 
plaques  failed  to  reveal  any  trypanoeomea. 

The  poat-mortem  examinatioD  ehowed  that  the  carcass  waa  very 
emaciated  and  anemic,  and  would  probably  weigh  not  more  than 
1,100  pounds.  Several  amall  bed  sores  were  observed,  involving  the 
akin  and  underlying  tissues  in  the  region  of  the  pelvic  prominences 
and  the  elbow  joint.  On  skinning,  the  hide  seemed  dry  and  tough, 
and  in  the  region  of  the  gluteal  muscles  of  the  right  aide  three  yellow- 
ish gelatinous  areas  with  injected  blood  vessels  were  seen,  about  the 
aze  of  a  quarter,  which  repTeaented  the  location  of  the  last  observed 
plaques.  On  the  de[>endent  (left)  side  of  the  carcass  the  aubcutaneous 
tissues  were  infiltrated  with  a  thick  layer  of  coagulated  aerum  that 
had  exuded  from  the  blood  vessels.  The  great  dorsal  muaclea  on 
both  aides  of  the  spine  in  the  lumbar  r^fion  were  softened,  swollen, 
and  contained  numerous  small  hemorrhagic  areas.  On  opening  the 
thoracic  cavity  both  lunga  were  found  to  be  edematous,  while  the 
left  was  alao  engorged  with  blood  as  a  result  of  hypostatic  congestion. 
The  heart  was  normal  and  contained  black,  feebly  coagidated  blood. 
The  liver  appeared  normal  with  the  exception  of  several  small 
yellowish  areas  of  necrosis,  probably  of  parasitic  origin.  The  spleen 
waa  slightly  ahrunken  and  ahowed  numerous  pin-point  hemorrhages 
under  the  capsule.  The  right  kidney  was  apparently  without  lesions, 
while  the  left  organ  waa  hypoatatically  injected.  The  atomach 
contained  a  small  number  of  bots,  while  the  lai^e  intestine  showed 
several  amaU  hemorrhagic  points,  the  result  of  the  40  or  50  scleros- 
tomee  which  it  harbored.  The  spinal  cord  in  the  lumbar  region 
contained  many  petechial  hemorrhages,  while  the  meninges  were 
slightly  inflamed.  There  was  also  an  excess  of  serous  fluid  in  the 
spinal  canal.  The  penis  showed  many  depigmented  areas  of  irregular 
shapes  and  sizes,  but  at  least  two  of  these  patches  were  raised,  hard, 
and  dense,  resembling  cicatricial  tissue.    The  urethra  waa  normal. 
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Tlie  testiclee  were  atrophied  somewhat  and  slightly  denser  in  con- 
sistency than  normal.  The  tunica  vaginaHa  of  both  testicles  showed 
17  hemorrhagic  patches  of  projecting  viUi  and  2  or  3  warty  neoplasms 
were  present  on  the  tunica  propria.  At  the  apex  of  the  testicular  sac 
on  the  right  side  a  large  diffused  hemorrhagic  patch  was  observed, 
with  several  fibrous  bands  adliering  to  the  testicle.  This  sac  also 
cont»ined  an  excess  of  yellowish  transparent  fluid  exudate. 

It  is  interesting  to  note  in  connection  with  this  case  that  although, 
neither  of  the  healthy  mares  which  were  served  by  this  staUion  con- 
tracted dourine,  and  the  injection  of  numerous  d(^,  rate,  rabbits,  and 
guinea  pigs  resulted  oegatively,  nevertheless  serum  taken  from  the 
plaques  and  blood  from  the  jugular  when  injected  subcutaneously  into 
donkey  34  produced  the  disease,  but  did  not  show  any  (lypanosomes. 
The  notes  on  this  donkey  follow. 

DoKKBT  No,  94. 

SeptMuber  20,  19M.  Injected  eubcutukeously  in  left  ride  of  neck  with  10  c.  c.  d 
blood  dnim  from  a  plaque  on  left  hip  of  Bt«llioii  42. 

October  5.  Injected  subcutanoauely  in  front  of  left  ahoulder  with  60  c.  c.  of  whole 
blood  drawn  to-day  from  jugular  of  etallioo  42. 

October  7.  A  firm  awelliog  10  inches  in  diMneter  by  3  inches  hij^  ia  noticed  aX 
■eat  of  injection. 

October  18.  No  abeceee  baa  formed  at  seat  of  injection,  but  there  ie  still  present  a 
very  firm  enlaigement  about  3  by  3  by  1  inchee  in  size. 

November  19.  Vulva  aomewhat  swollen.  Mucosa  of  vagina  reddened.  Animal 
haa  a  patch  of  edema  about  6  inches  in  diameter  by  1  inch  hi^  on  abdomen.  The 
skin  over  an  area  4  inches  in  diameteratseait  of  injection  ia  induisted.  These  symp- 
toma  were  first  obeerved  November  16. 

November  28.  Vulva  still  swollen;  vagina  congested.  Edema  on  abdomen  has 
almost  dinppeared.  A  hud  apherical  nodule  about  1)  inches  in  diameter  is  seen 
about  6  inches  below  Beat  of  injection.  "nuB  ia  firmly  adherent  to  the  deeper  atruc- 
turefl  but  not  to  the  skin. 

December  2.  Swelling  of  vulva  ia  increasing  slowly. 

December  6.  Vulva  still  swollen  and  vagina  congested.  Uany  email  eruptions 
on  shouldeiB  and  withMB,  which  cause  the  hair  to  fall  out  in  patches. 

December  10.  A  patch  of  edema  about  6  by  14  by  1  inchee  in  size  over  atemum 
and  abdomen;  loose  tinue  in  left  fiank  edematous,  and  left  inguinal  lymph  gland 
somewhat  enlarged.  Vulva  ia  still  swollen.  The  eruptions  on  atemum  aame  aa  on 
withers.    Nodule  in  front  of  left  shoulder  some  oa  laat  noted. 

December  12.  Edema  on  flarJc  ia  slightly  reduced;  that  on  abdomen  same  aa  laat 
noted.     Vulva  still  swollen.     Mnmnnii  sli^tly  edematous.     Eruptions  on  akin  still 

December  20.  Vulva  much  swollen.    Bruptiona  on  akin  increasing. 

December  29.  Animal  has  a  large  patch  of  edema  about  1  inch  in  height  extending 
over  ventral  aspect  of  body.    Vulva  still  awollen. 

January  7f  1905.  Edema  over  ventral  aspect  o(  body.  Vulva  much  swollen. 
Area  ot  edema  in  left  fiank. 

January  10.  Vulva  very  much  swollen,  also  hipa  for  a  distance  of  6  or  6  inches 
to  either  side.  Nodule  in  front  of  diouldeT  ia  still  ptesent.  Only  a  gmall  amount  nt 
edema  on  aspect  of  body  or  in  left  flank. 
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Jinumy  II.  About  350  c.  c.  bkiod  drawn  from  right  jugular;  60  c.  c.  of  this  waa 
injected  immediately  inte  left  jugular  of  donkey  37;  the  balance  wbh  defibrinated, 
aiul  W  c.  c.  injected  intnvenouely  into  donkey  43.  (See  recordi  of  donkeys  37  and 
43.) 

January  12.  Swelling  of  vulva  and  hip  not  neAily  eo  great  as  it  was  yesterday. 
No  edema  over  ventjal  aspect  of  body.  Many  eruptions  still  preeent  on  ritoulders 
and  back.    Appetite  not  as  good  as  usual. 

January  13.  Vulva  swollen  about  the  same.  Hips  for  a  distance  of  5  or  8  inches 
around  vulva  much  swollen.    Appetite  better. 

January  16.  Swelling  of  vulva  slightly  reduced;  that  of  hips  has  increased  slightly. 

January  20,  Swelling  of  vulva  incrMsed  a  little  over  what  it  had  been  tor  the  past 
few  days.  No  change  in  swelling  of  hips.  A  hard  nodule  about  3  cm.  in  diameter  has 
appealed  at  point  about  5  cm.  to  left  of  anus.  . 

January  23.  Swelling  of  vulva  increased, 

January  31.  Animal  has  aa  enlaigement  about  3  inches  in  diameter  by  2  inches 
in  height  immediately  to  left  of  anus.  This  enlargement  has  a  hard  eenintive  border 
and  a  soft  center  about  1  inch  in  diameter.  The  vulva  is  still  swollen  and  edema  ia 
etill  preeent  on  rear  of  thighs  and  in  left  flank.  Nodule  in  bont  of  left  shoulder  still 
present. 

February  t.  Abscess  which  has  fwmed  at  side  of  anus  ie  broken  and  is  dischaiging 
eero-purulent  fluid. 

February  2.  Abscess  has  discharged  all  of  its  contents.  Swelling  and  skin  lesions 
are  about  same  as  last  noted. 

February  11.  Has  a  patch  of  edema  about  4  by  5  by  1  inch  between  forelegs. 
Vulva  and  tissuee  surrounding  it  much  swollen.    Abecese  completely  healed. 

February  17.  Vulva  and  rear  of  thighs  much  swollen.  Considerable  edema  over 
abdomen  and  between  forelegs.  Uany  small  eruptions  over  neck  and  shoulders. 
'Rie  hair  in  this  region  has  fallen  out. 

February  20.  Same  as  last  noted,  and  in  addition  a  plaque  2  by  3  inches  in  area  on 
left  side  of  neck. 

February  21.  Aboutsameasyesterday. 

February  23.  Skin  disease  lesions  still  present  uid  spreading.  Enlaigement  in 
iront  of  1^  shoulder  increasing  in  size.  Edema  etill  preeent  between  forelegs  and 
abdomen.    Vulva  still  swollen. 

March  8.  Portion  of  bipestUI  swollen.  Vulva  and  looee  tissue  below  it  are  swollen. 
Enlargement  in  front  of  left  shoulder  increasiiig  in  size.  Small  enlargement  at  seat 
<it  blood  injection. 

March  17.  Eldema  between  forelegs  and  over  abdomen.  Vulva  and  looee  tieeue 
between  it  and  udder  edematous.  Enlargement  in  front  of  left  dioulder  same  as  last 
noted. 

April  1.  Udder  and  vulva  swollen. 

AprU  10.  Same  as  last  noted. 

Hay  6.  Vulvaandudderstillawollen. 

Hay  16.  Vulva  slightly  swoUen.  Swollen  aie«  on»4ia]f  to  1}  incbes  hi^  and  10 
inches  in  diameter  surrounding  anus  and  vulva.     Both  preecapular  ^ands  enlarged. 

May  25.  Preecapular  gluids  still  enlarged.  Bdema  in  inguinal  region.  Vulva  and 
hips  swollen. 

May  29.  Hips  and  vulva  slightly  swollen.    No  plaques  vinble. 

June  16.  Animal  seems  to  be  recovering.    Highest  temperature  noted,  102.4*  F. 

July  15.  Apparently  well. 

August  IS.  Apparently  well. 

September  IS.  Gave  birth  to  a  normal  mate  colt. 

October  10.  Served  by  male  donkey  48  to-day,  and  on  four  previous  occasions, 
without  infecting  the  male. 

Hay  IS.  Killed  to-day.    All  organs  nonual. 
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As  already  mentioned;  the  blood  of  donkey  34  was  injected  into 
donkeya  37  and  43  on  January  11,  1905,  the  first  receiving  the  whole 
blood,  while  the  latter  received  the  filtrate.  The  records  of  these 
don^ys  which  follow  show  that  the  virua  was  successfully  held  back 
by  the  Chamberland  filter. 

DoKKBT  No.  43. 

January  11,1B0K.  Injected  into  rigfatjugiilarwi(li  flOc.c. of  filtered  bkmd  of  donlcs; 
34.  Ilia  blood  ma  dr&wn  at  10  a.  m.  to-dsy,  wm  defibrinated,  diluted,  filtered,  and 
injected  at  4.30  p.  m. 

Animal  is  now  in  birly  good  condition  and  aeema  to  be  w«ll  in  every  respect. 

Hay  29.  Up  to  thla  date  has  shown  po  eymptoma,  and  tempraatnre  haa  not  exceeded 
100.4"  F. 

December  9.  Served  by  donkey  48  (by  inist*ke). 

December  26-  Female  foal  bom  to-day. 

January  11, 1946.  Foal  and  dam  killed.    No  leeiona. 

DoNKBT  No.  37. 

January  11,  1905.  Injected  into  right  jugular  with  60  c.  c.  of  whole  blood  of  don- 
key 34. 

January  23,  No  Bymptonu  of  diaeaae. 

January  25.  Animal  haa  a  plaque  about  3  inches  in  diameter  by  1  inch  in  hei^t 
on  left  hip  a  short  distance  from  root  of  tail. 

January  28.  Plaque  on  hip  still  present.    No  other  ledons. 

February  11.  Plaque  had  almost  dinppeared. 

February  17.  Tlie  plaque  on  rear  of  left  hip  ia  now  about  5  inches  in  diameter  by 
1  inch  hi^. 

February  21.  Superior  portion  of  neck  is  much  swollen.  Patch  of  edema  between 
forelegs.    Edema  on  thigh  still  present. 

February  23.  Skin  eruptiona  of  Hhoulders:  hair  b^inning  to  fall  out;  enlargement 
about  3  cm.  in  diameter  on  front  of  left  shoulder,  and  a  patch  of  edema  between  forel^B. 

February  24.  Vulva  swollen,  in  addition  to  symptoms  noted  yesterday. 

March  2.  An  enlargement  about  4  cm.  in  diameter  is  noted  at  right  of  vulva. 

March  S,  Animal  haa  eruption  on  neck,  and  vulva  swollen  a  little. 

March  17.  Swelling  of  vulva  has  nearly  subsided.    Legs  in  region  ol  hock  swollen. 

March  23.  I^fge  patch  of  edema  1  lo  1}  inches  in  hei^t  extending  over  sternum  and 
abdomen.     Vulva  only  slighUy  swollen. 

April  1.  Vulva  swollen  somewhat.  Edema  still  present  on  abdomen  but  reduced  in 
hei^t.    Left  prescapulai  gland  is  enlarged. 

April  4.  Vulva  swollen.    No  edema  on  abdomen. 

April  16.  Same  as  last  noted. 

April  20.  Vulva  much  awoUen.  Mucous  membiane  in  r«gion  of  os  uteri  is  edema- 
May  5.  lATge  patch  of  edema  on  chest  and  abdomen.  Vulva  swollen,  also  the 
tissue  between  it  and  the  udder. 

May  8.  Vulva  swollen,  an  edematous  ridge  1 )  inches  wide  by  1)  inches  high  extend- 
ing from  vulva  to  a  point  on  left  side  of  udder  where  it  broadens  out  into  a  patch  3  by  4 
inches  in  area.  lArge  patch  of  edema  on  abdomen ;  email  abscess  formed  and  broken 
over  posterior  soriace  of  knee;  left  front  leg  swollen,  and  a  shallow  ulcer  on  anteriw 
surface  of  hock. 

Hay  9.  Ri^t  foreleg  swollen,  pits  on  pressure,  discharging  abscess  at  posterior 
portion  of  knee  joint.  Vulva  much  swollen;  ita  mucous  membrane  preamls  a  some- 
what granular  appeaiance;  awollm  ridge  noted  yeatciday  is  atill  fseaent. 
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Hay  10.  Has  a  alight  vaginal  discharge;  has  a  plaque  about  4  by  3  inchee  by  }  inch 
immediately  in  front  of  left  flank. 

May  11.  Plaque  not«d  y(«t«rday  is  still  preeent,  and  one  about  3  inchee  in  diameter 
by  one-half  inch  high  ie  present  a  short  distance  above  and  in  front  of  it.  A  third  one 
atxiut  2  inches  in  diameter  by  }  inch  high  on  left  hip.  Bvelling  on  left  front  leg  ia 
subsidit^.    Abeceas  on  knee  is  still  discharging. 

Hay  13.  Plaques  about  same  as  noted  yesterday. 

Hay  IT.  AbaceM  on  left  knee  is  still  discharging  sero-purulent  fluid,  which  has  a 
very  bad  odor.  This  leg  is  swollen  between  knee  and  ankle;  both  prescapular  glands 
arcenlarged;  vulvaouly  slightly  swollen  with  very  little  discharge.  Several  plaquce 
on  body. 

Hay  24.  Hse  patch  of  edema  between  forel^s.  Vulva  still  swollen,  and  plaquee 
seem  to  be  disappearing. 

Hay  25,  Vulva  only  slightly  swollen.  A  new  plaque  has  appeared  in  left  inguinal 
region,  and  old  onee  have  not  altogether  disappeared. 

Hay  29.  One  old  plaque  ia  still  present  on  left  ride;  others  have  disappeared. 
Abscess  on  knee  atill  discharging.     Vulva  still  swollen, 

Uay  31,  Vulva  is  very  much  swollen.  LeA  hind  leg  swollen.  Old  plaque  on  left 
aide  is  still  prcaent  and  several  new  ones  have  appeared. 

June  1.  Vulva  much  swotleu.  Swelling  on  knee  reduced.  Abscess  still  discbarg. 
ing,  and  an  extenrive  patch  of  edema  on  abdomen . 

June  3.  Haa  a  large  amount  of  edema  on  abdomen  and  between  fore  lega.  Abscen 
still  discharging.    Ulcers  on  hocks.    Vulva  atill  ewollen. 

June  5.  Only  a  small  amount  of  edema  on  abdomen;  abscess  not  discharging;  a 
few  plaques  still  present;  vulva  only  slightly  swollen. 

August  3.  Several  amall  plaques  present.    Hi^est  temperature  recorded,  102.2°  F. 

September  10.  Gave  birth  to  a  healthy  male  colt. 

Or.'tober  12.  Served  by  male  48  to-day,  and  three  additional  times  since  September 
21,  without  infecting  him.    * 

May  IS.  Killed  to-day.     All  organs  normal. 

Mare  33,  suspected  of  being  in  foal,  was  inoculated  on  November  4, 
1903,  with  material  containing  trypanosomes  obtained  from  the  dog 
imported  from  France.  Two  inoculations  were  made,  5  c.  c.  being 
used  subcutaneously  in  front  of  left  shoulder  and  5  c.  c.  subcutaneously 
into  the  left  hip. 

Make  No.  33. 


November  8.  Has  a  soft  sensitive  swelling  about  4  by  6  by  J  inches  in  size  at  seat 
of  injection  in  front  of  left  shoulder,  and  a  very  flat  sensitive  swelling  about  5  inchee 
in  diameter  on  left  hip. 

November  9.  The  swellinga  on  hip  and  in  front  of  shoulder  have  become  much 
smaller. 

November  11.  The  awellings  have  increased,  are  hard  and  very  aenntlve.  The 
one  in  front  cf  left  shoulder  is  about  4  by  5  by  1  inches  in  size,  and  the  one  on  left  hip 
is  about  8  inches  in  diameter  by  i  inch  high. 

November  12.  The  swellings  are  about  the  aame  as  yesterday. 

November  16.  The  swellings  have  almost  disappeared.  No  lesions  to  be  seen 
elsewhere. 

November  20.  The  swellii^  have  disappeared. 

December  1.  Has  a  patch  of  edema  about  6  by  S  by  IJ  inches  in  size  between  the 
fbrelcgs;  also  has  some  edema  over  the  abdomen.  Udder  enlarged.  Hind  1«^  below 
hocks  are  edematous.    No  swellings  at  seats  of  injections.    Animal  seems  to  be  well 
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December  2.  Hae  a  alurply  defined  patch,  of  edemA  about  2  inches  high  wtiich 
exiendsover  almost  the  e&tireatemum  and  abdomeii.  The  legs  are  edematous.  No 
lesLona  at  seats  of  injectione  or  in  vagina.    Animal  seems  to  be  wall  otherwise. 

December  3.  Same  as  yesterday. 

December  12.  Edema  about  2}  to  S  inches  in  height  and  aztends  over  entire  sternum 
and  abdomen.    No  leeions  to  be  seen  in  vagina.    Animal  otberwiae  appears  normal. 

December  16.  No  further  reduction  in  amount  of  edema.     Animal  seems  to  be  well . 

December  23.  Slill  has  conadeiable  edema  over  abdomen'. 

December  30.  Has  been  quite  lame  in  left  hind  leg  for  sevval  days  post.  Edema 
over  the  sternum  is  slowly  disappearing. 

December  31.  The  edema  is  nearly  gone.  Animal  is  still  quite  lame,  but  appetite 
is  fairly  good. 

January  2.  The  edema  has  entirely  disappeared  from  sternum  and  abdomen.  The 
kmeneee  is  slowly  dinppearing  and  health  seems  to  be  good. 

January  6.  Very  lame  in  left  hip;  can  bear  no  weight  on  this  kg,  which  seems  to  be 
very  painful.    Haie  seems  to  be  well  otherwise.    No  lesions  to  be  seen  in  vagina. 

January  6.  Leg  seems  to  be  more  painful  than  ever,  so  much  so  that  she  will  not 
■land  up  long  enough  to  eat  all  of  her  &oming  feed. 

January  11.  Seems  unable  to  remain  an  her  feet  but  a  few  minutes  at  a  time,  but 
appetite  is  hirly  good. 

January  12.  Lameness  is  slowly  becoming  wwse,  and  right  hind  leg  seems  to  be 
afEected  also.  Appetite  seems  to  be  birly  good,  but  ehe  does  not  seem  able  to  stand 
on  her  feet  long  enough  to  eat  very  much. 

January  15.  Unable  to  get  up  without  assistance,  and  can  not  stand  owing  to  weak- 
ness in  lumbar  r^on.    Appetite  is  good.    Mucous  membrane  of  vulva  is  injected. 

January  IS ,  Hucous  membrane  of  vulva  and  vagina  very  much  congested .  Animal 
unable  to  get  up,  lies  stretched  out  and  seems  to  be  in  considerable  pain,  but  holds 
head  up  to  eat  and  has  considerable  sticky  muco-purulent  vaginal  discharge  which 
contains  a  few  trypanoeomes.  Temperature  is  c(«nmehcii^  to  rise;  103.2^  F.  at  9 
a.  m.,  103.8=  F.  at  5  p.m. 

January  20.  Animal  considentbly  weaker  than  beretofore;  has  very  little  appetite, 
and  a  profuse  yellowidi  discbaige  from  vagina,  which  is  still  much  congested.  Rab- 
bits and  rate  inoculated  with  this  discharge  showed  the  presence  of  numerous  trypano- 

January  21.  Little  change  since  yesterday,  but  mare  is  weaker. 

January  22.  One  sharply  defined  patch  of  edema  about  4  by  3  by  1  inches  in  size 
on  opposite  side  to  that  on  which  the  animal  is  lying. 

Is  much  weaker  than  she  has  ever  been;  respiration  accelerated;  does  not  take 
notice  of  anything.  Temperature  at  6.30  a.  m.,  105.6°  F.;  at  10  a.  m.,  106°  F.;  at 
1.30  p.m.,  106.4' F. 

Has  sevei&l  bed  sores  which  have  an  offensive  odor.  Wounds  made  over  jugular 
for  drawing  blood  do  not  heal. 

Found  dead  about  4.20  p.  m. 

The  post-mortem  examinatioa  showed  the  animal  to  have  fallen 
off  gradually  in  flesh.  The  skin  contains  several  hed  sores  involving 
the  adjacent  muscles.  The  heart  is  normal;  left  lung  hypostatically 
congested;  liver  enlarged  and  friable;  kidncr^s  softened,  pale,  swollen, 
and  contain  a  few  extravasations;  spleen  darkened,  enlarged,  and 
shows  several  petechiie  under  the  capsule;  uterus  contains  an  8- 
months  fetus,  which  is  apparently  normal;  vagina  is  edematous,  with 
a  gelatinous  infiltration  of  the  mucosa;  vulva  appears  swollen  and 
slightly  congested,  with  a  gelatinous  exudate  atUienng  to  its  walls. 
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The  left  coz(>-femoraJ  articulation  ahows  a  roughened  erosion  oa  the 
acetabulum  one-eighth  by  one-third  of  an  inch  in  eize,  while  the  head 
of  the  femur  contains  a  similar  ulcerated  area,  which  no  doubt  was  the 
cause  of  the  pain  and  lameness  in  this  1^. 

Many  smear  preparatione  were  made  and  various  amall  experi- 
mental animals  were  injected  at  different  times  with  material  from 
this  mare,  and  although  the  trypanoBomes  were  elusive  and  at  times 
exceedingly  difficult  to  find,  they  neTertheless  were  usually  located. 

STXPTOHS. 

There  are  many  variations  in  the  symptoms  of  dourine,  and  this  is 
particularly  true  of  the  disease  as  it  occurs  in  this  country.  In  order 
to  give  a  fair  idea  of  the  "symptom  complex"  it  will  be  necessary  to 
describe  manifestations  which  may  appear  in  a  number  of  horses,  it 
being  imdeistood  that  each  individual  may  have  several  but  not  all 
of  the  symptoms  enumerated.  Two  distinct  stages  may  be  noted, 
which  vary  somewhat  from  those  described  in  textbooka,  hut  prob- 
ably no  more  than  could  be  expected  when  differences  of  climatic 
conditions  and  methods  of  handling  are  taken  into  consideration. 

The  first  stage  chiefly  concerns  the  sexual  organs,  and  therefore 
differs  somewhat  in  the  male  and  female.  In  the  second  stage  symp- 
toms indicating  an  affection  of  the  nervous  system  are  more  promi- 
nent and  are  not  dependent  on  the  sex  of  the  animal. 

Following  a  variable  period  of  incubation  of  from  eight  days  to 
two  months,  there  is  seen  in  the  stallion  an  irritation  and  swelling 
about  the  penis  first  noticed  in  the  glans.  Tias  swelling  extends 
throu^out  the  oi^an,  and  the  penis  may  be  continual^  protruded 
and'  frequent  erections  noticed.  The  edematous  swelling  also 
involves  the  groin,  with  enlargement  of  the  adjacent  inguinal  glands, 
and  extends  forward  along  the  abdomen.  In  a  few  days  smalt 
vesicles  or  blisters  appear  on  the  penis,  which  break,  dischaiging  a 
yellowish  serous  fluid  and  leaving  irregular  raw  ulcers.  Where  pri- 
mary ulcers  are  iu  proximity  to  each  other  there  is  a  marked  disposi- 
tion to  coalesce,  a  large  raw  surface  with  an  irregular  border  resulting. 
TbB  ulcerative  process  may  form  a  wound  extending  ahnost  entirely 
aroimd  the  penis.  The  ulcers  show  a  tendency  to  heal  rapidly, 
leaviug  white  cicatrices  or  scars  which  are  permanent.  In  some 
cases  the  urinary  meatus  is  very  red  and  swollen,  and  according  to 
some  observers,  especially  European,  more  or  less  of  a  thick  catarrhal 
exudate  is  dischai^d  from  its  orifice.  This  condition,  however,  has 
been  rarely  seen  in  cases  in  this  country,  a  more  or  less  continuous 
dripping  from  the  urethra  of  a  yellowish,  seroushke  discharge  alone 
being  present.  The  stalhon  retains  his  full  genesic  instinct  and 
becomee  very  amorous  when  brought  in  the  vicinity  of  mares.  If 
allowed  access  to  mares  in  season,  service  is  often  impossible,  due  to 
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the  fact  that  a  complete  erection  of  the  penis  does  not  occur.  The 
testicles  may  be  involved  and  tender  to  pressure,  and  abscess  forma- 
tion may  occm-,  with  sloughing. 

In  the  mare  the  first  symptoms  may  be  so  slight  as  not  to  be 
noticed  by  the  owner.  This  is  especially  so  where  the  mares  are 
running  on  the  open  range  and  not  seen  by  the  owner  for  long  periods. 
In  fact,  the  first  knowledge  in  such  instances  frequently  comes  from 
finding  a  diseased  mare  astray  in  the  foothills,  having  been  driven 
out  of  the  band  by  the  stallion.  This  custom  of  getting  rid  of  unde- 
sirable or  diseased  mares  is  quite  general  with  the  leader  of  a  harem 
of  mares  running  at  large  in  distinct  bands  on  the  western  ranges. 
However,  the  disease,  being  the  result  of  copulation,  begins  with 
swelling  and  inflammation  of  the  vulva  and  vagina.  The  labia  are 
continually  everted,  exposing  the  cUtoris,  which  is  constantly  in  a 
state  of  erection.  There  will  also  be  a  muco-purulent  discharge  like 
that  coming  from  the  penis  of  the  male,  which  may  be  sUght  or  pro- 
fuse in  quantity,  agglutinating  the  hairs  of  the  tail.  The  mare  will 
switch  the  tail,  appear  uneasy,  and  urinate  frequently.  Shortly 
papules  and  vesicles  appear  on  the  external  vulva,  as  well  as  on  the 
mucosa  of  the  vulva  and  vagina.  These  vesicles  soon  rupture,  but 
before  doing  so  the  contents  undergo  a  change  from  a  transparent 
to  a  purulent  fluid.  The  rupture  of  these  pustules  is  the  initial 
stage  in  the  formation  of  deep,  angry  ulcers.  These  ulcers  show  a 
tendency  to  heal  rapidly,  but  invariably  leave  a  cicatrix,  which  is 
permanent,  causing  a  slight  puckering  of  the  tissue.  On  the  dark 
skin  on  the  external  vulva  the  scars  will  always  be  white,  more  or 
less  circular  in  outline,  from  one-eighth  to  one-half  inch  in  diameter, 
and  pitlike,  similar  to  the  depression  in  a  pockmark.  This  depig- 
mentation of  the  skin  about  the  external  genitals,  due  to  healing  of 
the  ulcer,  is  permanent  and  not  temporary,  as  in  coital  exanthema 
and  other  affections  simulating  it.  Edematous  infiltration  of  tlie 
perineum  and  the  mammary  gland  frequently  occurs. 

Sometimes,  and  especially  in  the  mare,  the  above-described  lesions 
tend  to  disappear  gradually,  and  in  case  the  mare  is  not  served  again 
the  disease  may  remain  in  abeyance  for  months  or  a  year.  The 
apparent  recovery,  however,  is  not  permanent,  and  any  excessive 
work  or  excitement,  and  especially  being  served  by  a  stallion,  even 
if  he  be  healthy,  may  set  up  the  disease  anew.  In  case  an  affected 
mare  conceives,  she  is  liable  to  abort  at  any  time  during  her  term  of 
pregnancy.  When  the  fetus  is  carried  to  full  term,  it  occasionally 
is  a  weak  and  imperfectly  developed  foal;  but  in  this  country  many 
fine  colta  have  been  bom  to  affected  mares. 

The  nervous  or  coostitutional  disturbances  of  the  second  stage  may 
not  come  on  for  months  or  even  a  year  after  the  appearance  of  the 
local  lesions,  and  are  similar  in  both  male  and  female.    They  consist 
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of  a  general  nervous  disorder  with  staggering,  swaying  gait,  especially 
in  the  hind  limbs.  The  animal  becomes  extremely  emaciated,  partic- 
ularly in  the  hind  quarters,  and  the  abdomen  assumes  a  "  tucked-up" 
appearance.  (See  Fl.  Ill,  fig.  1.)  The  first  indication  of  paralysis 
will  be  noted  in  traveling,  when  the  animal  fails  to  pick  up  one  of 
the  hind  feet  as  freely  as  the  other.  There  is  a  tendency  to  drag  the 
foot  partially,  which  will  wear  off  the  toe  more  than  normal.  This 
condition  may  shift  from  one  hind  foot  to  the  other,  or  both  may 
become  affected  simultaneously,  at  which  time  knuckling  is  a  com- 
mon symptom.  (See  PI.  Ill,  fig.  2.)  Only  occasionally  are  the 
nerves  of  the  front  extremities  and  the  face  affected,  the  latter  find- 
ing expression  in  paralysis  of  an  ear,  ^ehd,  nostril,  or  lip.  (See  PI. 
IV,  fig.  1.)  Twitching  of  the  superficial  muscles  has  also  been  noted 
in  several  instances.  Urticarial  eruptions  or  plaques  may  break  out 
over  various  parts  of  the  body.  These  swellings,  which  prior  to  the 
recent  Iowa  outbreak  had  been  observed  in  only  a  few  cases  in  this 
country,  disappear  in  a  few  days,  only  to  reappear  at  some  other 
point.  In  the  outbreak  just  referred  to  ahnost  every  horse  showed 
two  or  more  plaques.  They  are  sharply  defined,  round,  flat,  edema- 
tous infiltrations  of  the  papillary  layer  of  the  skin,  about  the  size  of  a 
half  dollar,  or  may  be  even  larger.  Some  have  a  depressed  center 
and  an  elevated  periphery.  When  punctured,  a  bloody  serum  exudes 
from  the  cut  surface.  The  usual  locations  of  these  plaques  are  the 
croup,  belly,  and  neck.  (See  PI.  V.)  There  may  also  be  noted 
pruritis  of  the  skin,  which  causes  the  animal  to  rub  itself  fre- 
quently. White  spots  appear  on  the  hind  legs  and  in  the  region  of 
the  perineum,  as  a  result  of  the  dischai^e  from  the  penis  and  vagina 
coming  in  contact  with  and  causing  a  depigmentation  of  the  integu- 
ment. (See  PI.  IV,  fig.  2.)  The  temperature  of  the  animal  seldom 
goes  above  101"  or  102**  F.  Labored  breathing  is  occasionally  noted. 
In  some  cases  the  glands  under  the  jaw  swell  and  a  dischai^e  appears 
from  the  nostril  simulatmg  glanders.  When  the  paralysis  of  the  hind 
limbs  starts  to  appear,  it  usually  progresses  rapidly,  the  horse  goes 
down,  is  unable  to  rise,  and  dies  in  a  short  time  from  nervous  exhaus- 
tion. Up  to  the  last,  however,  the  appetite  remains  good,  and  the 
stallion  will  show  a  desire  for  the  mare,  although  service  is  impossible, 
as  the  horse  can  neither  get  a  complete  erection  nor  raise  himself  on 
his  bind  legs. 

posT-uoKTBU  i:bsiohs. 

On  autopsy  there  are  noted  swelling  and  gelatinous  infiltration  of 
the  mucosa  of  the  vulva  and  vagina,  together  with  marked  hyperemia. 
The  uterine  mucosa  is  thickened,  infiltrated,  and  corrugated,  resem- 
bling the  mucous  membrane  of  the  lai^e  intestine  in  Johne's  disease. 
Ulcers  are  sometimes  present,  although  rarely  so  in  the  disease  as  it 
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exists  in  this  country.  The  mucous  membrane  is  not  infrequently  of 
an  orange-colored  hue,  covered  with  a  muco-purulent  exudate  and 
occasionally  supports  small,  irreg;ular  yellowish  patches  of  mucoid 
degeneration.  The  ovaries  are  frequently  involved,  and  their  paren- 
chyma may  be  the  seat  of  hemorrhage  and  laige  blood  clots  may  be 
found  within  their  capsules.  The  akin  in  the  region  of  the  perineum 
where  the  discharge  has  come  in  contact  with  it  is  depigmented, 
leaving  irregular  white  patches.  In  the  mala  the  penis  is  usually 
fotmd  to  be  enloiged,  althou^  in  some  cases  it  is  normal  in  size.  It 
frequently  contains  ulcers  and  scar  tissue  both  on  its  surface  and  in 
urethral  canal.  The  sheath  is  also  tumefied  and  the  skin  thickened. 
The  testicles  in  some  cases  are  soft  and  atrophied,  while  in  others  just 
the  opposite  is  found.  Adhesions  may  occur  between  the  tunica 
vaginalis  and  the  tunica  propria.  In  nearly  all  cases  the  scrotum  is 
more  or  less  infiltrated.  The  lymphatic  glands  in  the  inguinal  region 
are  also  inflamed,  and  in  many  cases  may  be  plainly  visible  as  irregular 
wavy  lines  under  the  skin.  There  is  also  a  yellow  gelatinous  exudate 
beneath  the  skin  in  those  areas  where  plaques  were  situated  just 
before  death.  In  cases  of  long  duration  there  is  more  or  less  marked 
atrophy  of  the  muscular  system,  a  condition  naturally  following  the 
paralysis  which  precedes  death. 

The  changes  in  the  spinal  cord  have  been  principally  studied  by 
Thanhoffer.  The  meninges,  especially  the  pia  mater,  fure  severely 
congested;  in  some  places  adhesions  have  takm  place  between  the 
pia  and  the  cord,  while  in  others  the  pia  is  severely  congested.  The 
central  canal  in  the  spinal  cord  is  dilated  in  certain  points  and  may 
contain  an  excessive  quantity  of  fluid.  On  section  softened  areas 
may  be  found  in  the  substance  of  the  cord,  and  dai^  red  spots  may 
also  be  present,  indicating  hemorrhage.  The  supporting  framework 
of  the  spinal  cord  (neurogha  tissue)  is  hyp^rtrophied,  especiidly 
around  the  central  canal,  producing  sclerosis,  or  hardening  of  the  emd. 
The  large  spinal  nerve  cells  are  involved,  and  the  nuclw  frequently 
undergo  gruiular  disint^;ration.  In  otiier  cells  the  axicylinder  pro- 
cess is  affected  and  its  outline  is  wavy  and  tortuous.  According  to 
Marek,  the  change  observed  in  ihe  nerves  is  a  polyneuritis.  The 
ventricles  of  the  brain  ^so  contain  an  excessive  ammint  of  fluid. 
In  summarizing,  we  may  say  that  there  is  a  general  hydrops  of  the 
central  nervous  system  with  a  tendency  to  degeneration  in  the  spinal 
cord,  and  multiple  hemorrhage  formation  in  the  substance  of  the 
cord  with  slight  leucocytic  infiltration.  The  skeleton  is  also  affected, 
and  the  bones  may  be  softened.  The  medullary  substance  (marrow) 
is  congested,  and  hemorrhages  and  erosions  may  be  seen  on  the 
articular  cartilages  of  the  jointe.  A  discoloration  of  the  synovia,  due 
to  red  blood  cells,  is  frequently  seen,  giving  it  a  peculiar  pinkish 
coloration. 
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The  iDtestdnes  usually  contain  but  small  quantities  of  alimentaiy 
mattw,  and  ulcers  may  sometimes  be  found  in  the  mucous  membrane. 
The  peritoneum  is  hypertropliied  and  has  a  yellowish  cast,  due  to 
the  serum  it  contains  in  its  meshes.  The  meeenterio  and  inguinal 
lymph  glands  may  be  enlarged  and  softened  or  small  and  ^rm  in  con- 
sistency. The  Uver  contains  areas  of  fatty  degeneration,  is  severely 
congested,  and  may  contain  minute  hemorrhages  in  its  parenchyma. 
The  spleen  may  also  contain  these  petechia,  but  it  is  usually  only 
slightly  enlai^fld,  soft,  and  doughy,  although  it  may  be  normal  in 
size  and  appearance  in  the  horse.  In  experimental  animals,  how- 
ever, and -particularly  white  rats  inoculated  with  trypanosomes, 
this  organ  is  enlarged  to  two  to  three  times  the  normal  and  very 
severely  congested. 

The  kidneys  are  enlai^ed  aad  soft  in  consisteni^  and  show  the 
presence  of  parenchymatous  degeneration.  The  lungs  are  almost 
invariably  very  much  congested,  and  suppurative  foci  may  some- 
times be  found  in  their  subetaace.  The  blood  is  watery  and  forms 
imperfect  soft  clots,  the  red  blood  cells  having  undeigone  extreme 
diminution  in  number,  although  there  is  a  decided  leucocytosis  with 
a  marke<l  increase  in  the  quantity  of  lymphocyte  cells. 

COVBSE  OF  TBS  DISBASB. 

The  course  of  the  disease,  as  will  be  seen  from  the  symptoms,  is 
extremely  variable,  and  may  cover  a  period  ranging  from  nine 
months  to  two  years.  At  the  commencement  of  the  attack  the 
genital  symptoms  alone  are  observable.  Theee,  however,  sooner  or 
later  become  complicated  by  the  appearance  of  the  systemic  or 
nervous  disturbances,  including  loss  of  flesh,  staggering  gait,  and 
paralysis  of  the  posterior  extremities.  These  symptoms  gradually 
become  intensified  until  the  animal,  reduced  to  skin  and  bone,  is 
unable  to  rise,  and  death  at  last  results  from  exhaustion,  lack  of 
nutrition,  or  from  septic  infection.  This  course  is  markedly  influ- 
enced by  the  condition  and  environment  to  which  the  animal  has  been 
subjected.  Bad  weather,  exposure,  insufficient  food,  and  compli- 
cating diseases  like  iniluenza,  distemper,  or  in  fact  any  condition 
which  tends  to  lower  the  vitality  of  the  animal,  will  hasten  the 
termination  of  the  disease.  On  the  other  hand,  good  care  and 
abundant  food  will  prolong  life,  and  in  this  countiy  has  even  resulted 
in  recovery.  It  is  also  possible  under  favorable  conditions  that  an 
animal  may  have  dourine  in  the  latent  form  for  several  years  without 
manifesting  any  alarming  symptoms  and.  yet  be  a  source  of  danger. 

FBOGNOBIS. 

Although  now  and  then  a  case  of  dourine  may  recover,  as  a  rule 
the  disease  is  present  merely  in  a  latent  state,  and  th6  excitement 
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caused  by  copulation  is  very  likely  to  cause  it  to  reappear  with 
renewed  vigor.  The  outlook,  therefore,  from  a  progoostic  point  is 
always  to  be  considered  unfavorable,  and  in  a  country  where  a  rela- 
tively small  number  of  cases  appear  temporizing  methods  of  suppress- 
ing ijie  disease  are  not  warranted. 

SIFFXBBN11AX  BIAaNOSIB. 

In  countries  where  dourine  is  the  only  infection  caused  by 
trypanosomes,  the  diagnosis  is  made  certain  by  the  demonstration 
of  these  parasites;  but,  as  has  already  been  noted,  this  is  connected 
with  considerable  difficulty,  as  the  parasites  in  the  blood  afipear  very 
seldom  and  then  only  in  small  numbers.  They  are  most  constant 
in  the  serous  fluid  of  the  cutaneous  plaques  and  in  the  edematous 
sweUings  and  muco-purulent  discharges  of  the  vagina,  but  even  here 
they  appear  only  periodically.  While  it  is  a  comparatively  easy 
task  to  diagnose  the  disease  in  its  acute  form  if  ulcers  are  present  on 
the  genitals  and  edematous  patches  on  the  skin,  those  cases  which 
have  apparently  recovered,  or  which  may  more  properly  be  termed 
chronic,  present  many  difficulties.  The  diagnosis  is  much  easier  if 
several  animals  are  affected  at  the  same  time. 

Coital  exanthema  or  vesicular  exanthema  is  the  disease  most  fre- 
■  quently  mistaken  for  dourine,  as  both  appear  shortly  after  the  act  of 
copulation  with  nearly  similar  symptoms.  During  the  ulcerative 
stage  and  without  a  history  of  the  case,  it  is  somewhat  difllcult  to 
make  a  difTerential  diagnosis.  However,  the  period  of  incubation  in 
coital  exanthema  is  shorter,  the  ulcers  produced  by  the  ruptured 
vesicles  are  more  superficial  and  heal  more  rapidly,  the  resulting 
depigmention  is  only  temporary,  and  permanent  scars  on  the  mucosa 
of  the  genitals  are  not  observed,  neither  does  it  cause  abortion  or 
terminate  in  paralysis. 

At  times  the  initial  stage  of  dourine  is  confounded  with  a  traumatic 
inflammation  of  the  genital  organs.  However,  the  traumatic  origin 
may  easily  be  excluded,  on  the  one  hand,  through  the  lack  of  observ- 
able lesions;  and,  on  the  other,  through  the  character  and  per.^istent 
continuance  of  the  edematous  swelling. 

The  plaques  of  dourine  are  similar  to  urticaria,  but  in  the  latter 
disease  lesions  of  the  genital  tract  and  nervous  symptoms  are  absent, 
and  there  is  no  evidence  of  contagion. 

The  paralysis  of  the  hind  quarters  is  only  characteristic  for  dourine 
when  taken  in  connection  with  other  nervous  symptoms.  Among 
other  diseases  showing  a  similar  paralysis  may  be  mentioned  azoturia, 
forage  poisoning,  and  swamp  fever,  but  tliese  diseases  are  as  likely  to 
affect  gehlings  as  stallions  or  mares.  They  may  also  be  discriminated 
from  the  paralysis  of  dourine  mainly  through  the  absence  of  lesions 
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of  the  sexual  oi^ans.  In  the  latter  diaease  the  accessory  conditions, 
such  as  the  infection  of  seTeral  aoimala  shortly  after  the  act  of  copu- 
lation, as  well  as  the  different  aspect  of  the  symptoms  in  the  affected 
animals,  offers  a  sufficient  foundation  for  a  correct  diagnosis. 

Although  the  vaginal  discharge  of  leucorrhea  may  resemble  that  of 
dourine,  the  characteristic  ulcer  or  cicatrix  of  dourine  is  always 
absent.  The  nearest  approach  to  it  is  a  raw  and  abraded  condition 
of  the  lips  of  the  vulva  due  to  the  irritating  properties  of  the  discharge. 
Nervous  symptoms  tenninating  in  paralysis  are  not  observed. 

On  the  western  range  it  is  not  unusual  to  see  several  stallions 
ranging  with  a  small  band  of  mares.  This  is  especially  so  on  the 
Indian  reservations,  where  in  several  cases  as  high  as  40  per  cent  of 
the  band  were  stallions.  Under  such  conditions  a  mare  during  the 
period  of  heat  is  served  repeatedly.  The  vaginal  mucous  membrane 
becomes  a  livid  red  and  slight  abrasions  are  not  uncommon.  If  exam- 
ined shortly  after  the  subsidence  of  the  period  of  heat  the  vaginal 
mucosa  will  present  a  mottled  variegated  appearance,  being  red, 
dark  red,  and  even  purple  in  patches. 

In  the  alkali  districts  during  hot  weather  it  is  not  uncommon  to 
see  horses  with  extensive  chafing  between  the  thighs,  in  the  folds  of 
skin  on  either  side  of  the  vulva,  or  on  the  loose  folds  of  the  aheath, 
as  a  result  of  tlie  natural  secretions  mixed  with  alkali  dust.  Exten- 
sive depigmentation  of  the  affected  area  is  the  result.  Such  depig- 
mented areas  and  those  resulting  from  abrasions  or  lacerations  are 
irregular  in  outline  and,  unless  from  a  deep  laceration,  are  not  per- 
manent, whereas  those  due  to  dourine  are  usually  circular  in  outline, 
cicatricial  in  character,  and  permanent.  Natural  depigmented  areas 
are  common  in  the  so-called  "Arabian"  horses  of  the  western  range 
and  in  those  animals  with  an  admixture  of  the  blood  of  the  pinto 
pony,  a  species  of  equine  albino  very  popular  among  the  Indians. 

Ulcers  on  the  mucosa  of  the  genitals  may  be  mistaken  for  glanders, 
especially  when  the  lymph  vessels  and  lymph  glands  are  simultane- 
ously inflamed.  In  this  case  the  further  progress  of  the  disease, 
serum  diagnosis,  mallein  test,  or  inoculation  experiments  will  fm-- 
nish  definite  diagnostic  information. 

Dourine  may  also  be  mistaken  for  surra  in  countries  where  the 
latter  disease  prevails,  but  as  surra  does  not  exist  in  the  United  States, 
it  need  not  be  considered  from  a  differential  standpoint  in  this 
country. 

Phlegmonous  inflammation  and  pyemic  abscesses,  with  swelling  of 
ihe  adjacent  lymph  glands,  maysometunes  occur  after  copulation  in 
mares  and  stalUons  which  are  suffering  from  an  ichorous  purulent 
dischai^e,  but  the  absence  of  further  progress  of  the  condition  will 
easily  decide  the  diagnosis. 
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Melanotic  tumors  appearmg  about  the  aaus  and  Tulva  of  gray 
horaes  and  carcinoma  of  the  penis  have  been  the  cause  of  several 
inspections  for  suspected  dourine,  but  the;  should  never  be  mis- 
taken for  leaons  of  dourine  by  anyone  in  tiie  leut  familiar  wiUi  this 
disease. 

TBBATKEHT. 

Little  benefit  can  be  obtained  from  the  medicinal  treatment  of 
this  chronic  malady,  nor  is  such  treatment  desirable  in  this  coimtry, 
where  the  disease  has  existed  only  in  restricted  areas  and  where 
Bsnitaiy  considerations  demand  its  prompt  extirpation.  Some  cases, 
however,  have  been  observed  where  improvement  and  recovery  fol- 
lowed local  treatment  when  applied  in  the  early  stages  of  the  infec- 
tion. When,  however,  any  systemic  symptoms  appear,  drugs  seem 
to  be  useless  and  deaths  follow  after  veiy  varying  periods  of  time  in 
different  cases. 

As  the  infection  takes  place  through  the  genital  apparatus,  the 
thorough  application  to  these  parts  of  antiseptic  solutions  with  the  idea 
of  destroying  the  trypanosomes  before  th^  obtain  access  to  the  gen- 
eral circulation  may  be  looked  upon  as  the  most  rational  treatment. 
This,  although  practicable  in  the  male,  is  extremely  difficult  to 
accomplish  thoroughly  in  the  female.  Toward  this  end  corrosive 
sublimate,  1  to  2,000,  or  2  per  cent  solution  of  carbolic  acid  or  craolin, 
should  be  injected  into  the  vagina  of  the  mare  and  the  sheath  and 
penis  of  the  stallion  immediately  upon  the  first  appearance  of  inflam- 
mation of  the  genitals  following  the  act  of  coition  in  infected  localities, 
or  where  for  any  reason  the  presence  of  the  disease  is  to  be  suspected. 

After  the  systemic  symptoms  of  urticarial  eruption  and  paresis 
with  rapid  loss  of  fleeh  in  spite  of  a  good  app>etite  be^n  to  appear, 
the  symptomatic  treatment  with  stimulants  and  alteratives  has  been 
recommended,  but  is  of  very  slight  value  except  to  prolong  the  life 
of  the  patient.  Among  such  drugs  may  be  mentioned  strychmn  (1 
grain  three  times  daily)  or  potassium  iodid  (2  to  5  drams  daily)  for 
thur  alterative  action.  Marchal,  of  the  remount  depot,  Constantine, 
Algeria,  reports  on  the  treatment  of  six  stallions  with  cacodylate  of 
soda,  1  gram  in  5  c.  c.  of  distilled  water,  given  in  two  doses  diuly 
BUbcutaneously  for  five  consecutive  days  with  seven  days  interval, 
while  others  have  recommended  atoxyl,  and  recently  Meissner  has 
been  experimenting  with  arsenophenylglyzin.  Although  the  statis- 
tics of  these  lines  of  treatment  are  very  limited,  they  seem  to  give 
very  promising  results  and  at  least  deserve  further  trial  in  those 
foreign  countries  where  the  disease  is  indigenous. 

During  the  course  of  treatment  care  should  b«  taken  not  to  excite 
the  sexual  ardor  of  the  patient,  as  this  under  all  circumstances  aug- 
ments the  symptoms,  and  indeed  the  act  of  copulation,  in  the  mare 

pecially,  may  revive  the  symptoms  of  the  disease  in  the  acute 
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stage  when  to  all  extamal  appeftruices  the  animal  had  recovered 
from  a  previous  infection. 

lOTHOD  OF  BS.ASICATION'. 

Sanitary  measures  looking  to  the  eradication  of  dourine  must 
depend  on  the  principle  that  horses  infected  with  dourine  should  be 
excluded  from  breeding.  Thia  action  is  well  founded,  for,  in  spite  of 
the  poasilulity  of  cure,  there  are  as  a  matter  of  fact  frequent  relapses, 
and  further,  trypanosomes  may  exist  for  months  in  the  sexual  organs 
of  the  apparently  cured  animal,  llierefore,  it  is  very  essential  to 
destroy  the  diseased  mares  and  to  castrate  the  affected  stallions. 
The  objection  to  spaying  mares  is  that  if  they  should  be  sold  and 
attempt  to  breed,  the  disease  may  be  contracted  by  the  serving 
stallion  and  thus  spread.  On  the  other  hand,  stallions  which  are 
castrated  before  the  appearance  of  paralytic  symptoms  become  sound 
and  well,  but  the  stalhons  even  after  castration  will  frequently  serve 
mares.  They  should  therefore  be  prevented  from  mingling  with 
mares  for  a  month  after  the  ulcers  are  healed. 

Dourine,  being  conveyed  solely  by  coitus,  is  not  a  difficult  disease 
to  stamp  out  in  a  farming  oonununity  such  as  in  Illinois,  where  the 
first  outbreak  occurred,  or  in  Iowa,  where  the  infection  appeared  in 
1903  and  1911.  But  when  the  disease  reached  the  open  range  and 
infected  horses  which  ran  in  the  foothills  and '  'bad  lands"  of  Nebraska 
and  South  Dakota,  respectively,  the  difficulties  increased  manyfold, 
as  inspections  in  many  cases  could  be  made  only  at  the  spring  round- 
up. Even  then  there  were  but  frequently  but  60  to  70  per  cent  of 
the  horses  gathered  up,  owing  to  the  rough  condi^on  of  the  land  and 
the  impossibility  of  seeing  the  stray  animals. 

After  mature  consideration  a  definite  policy  was  decided  upon 
which  consisted  in  the  slaughter  of  diseased  mares,  castration  or 
slaughter  of  diseased  stallions,  castration  or  quarantine  of  exposed 
stallions,  and  the  frequent  reinspection  of  exposed  mares.  It  was 
further  decided  to  keep  a  sufficient  number  of  men  in  the  infected 
diatricta  to  carry  out  this  policy,  and  Dr.  E.  T.  Davison  was  placed 
in  ehai^  of  the  woi^  of  eradication  with  headquarters  at  Rushville, 
Nebr.  To  his  capable  and  eneigetic  efforts  must  be  largely  credited 
the  satisfactory  results  which  have  been  accomplished. 

With  the  view  of  preventing  the  shipment  of  diseased  animals 
from  the  infected  districte  the  Secretary  of  Agriculture  issued  an 
order  under  date  of  January  20,  1903,  prohibiting  the  transportation 
or  movement  of  any  horses  in  the  counties  of  Dawes,  Boxbutte, 
Sheridan,  and  Cherry,  in  the  State  of  Nebraska,  and  in  the  Pine 
Bidge  and  Rosebud  Indian  Reservations  and  the  counties  of  Custer 
and  Fall  River,  S.  Dak.,  to  any  other  State  or  Territory  or  the  District 
of  Columbia,  unless  first  inspected  by  an  inspector  of  thia  bureau 
and  accompanied  by  a  certificate  issued  by  the  said  inspector. 
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On  March  10,  1903,  the  Secretftry  of  Agriculture,  with  the  con- 
currence of  the  Secretary  of  the  Interior,  issued  an  order  which  was 
posted  throughout  the  abore-named  Indian  reservations  prohibiting 
any  staUion  or  etaUions  from  running  at  laige  within  the  bounds  of 
these  reservations,  also  directing  that  any  uncastrated  male  horse 
1  year  of  age  or  older  found  running  on  the  range  or  at  large  in  these 
reservations  be  castrated,  and  that  all  Btallions  belonging  to  owners 
Uving  on  Whito  Clay  Creek,  or  within  1  mile  thereof,  should  be  either 
castrated  or  ke()t  under  close  quarantine  until  further  orders;  also 
prohibiting,  furthermore,  the  breeding  of  horses  in  herds  in  which 
diseased  animals  had  been  found,  under  any  circumstances,  whether 
in  fenced  pastures,  inclosures,  or  otherwise;  and  directing,  with  a 
provision  for  appraisement  and  indemnity  to  owners,  that  any  animal 
or  animals  showing  symptoms  of  dourine  or  known  to  have  been 
exposed  to  the  disease  should,  in  the  discretion  of  an  inspector  or 
employee  of  the  Department  of  Agriculture,  he  immediately  quat^ 
antined,  and  maintained  in  quarantine  at  the  expense  of  the  owner 
or  owners  until  released  by  the  inspector  or  condemned  and  slaugh- 
tered. A  statement  was  also  included  to  the  effect  that  any  person, 
company,  or  corporation  knowingly  violating  the  provisions  of  this 
order  would  be  guilty  of  a  misdemeanor,  and  on  conviction  liable  to 
a  fine  of  not  less  than  $100  nor  more  than  J1,000,  or  to  imprisonment 
not  more  than  one  year,  or  to  both  such  fine  and  imprisonment. 

As  a  result  of  the  thoroughness  of  method  followed  in  the  pros- 
ecution of  this  work,  all  the  diseased  animals  in  Nebraska  were  soon 
detected  and  either  destroyed  or  castrated.  But  cases  continued  to 
appear  on  the  Pinq^Ridge  Reservation  with  disconcerting  frequency 
as  a  result  of  the  many  difficulties  attendant  upon  range  inspection. 
With  B  view  of  handling  this  work  of  eradication  to  better  advan- 
t^;e,  a  number  of  veterinarians,  including  the  writer  of  this  paper, 
were  sent  to  the  Pine  Ridge  Indian  Agency  in  June,  1903,  for  the 
purpose  of  making  inspections  at  the  time  of  the  annual  round-up. 
Inspection  camps  were  established,  one  veterinarian  and  an  expe- 
rienced roper  being  assigned  to  each  of  the  five  districts  on  the  res- 
ervation— Wakpamini,  White  Clay,  Porcupine,  Woimded  Knee,  imd 
Medicine  Root.  All  the  animals  were  rounded  up  in  each  district, 
and  all  diseased  mares  as  well  as  afi'ected  stallions,  which  were  of  the 
inexpensive  broncho  type,  were  purchased  and  killed,  while  the 
healthy  staUions  were  castrated  unless  the  owner  agreed  to  keep  the 
animal  off  the  open  range.  In  this  case  the  stalfion  was  tagged  and 
kept  quarantined  on  the  premises.  The  five  round-up  parties  grad- 
ually worked  toward  Pass  Creek,  where  the  final  round-up  took  place. 
At  this  time  aU  animals  which  estrayed  from  one  district  to  the  other 
during  the  year  were  returned  and  animals  which  strayed  in  from 
the  adjacent  sections  of  Nebraska  and  South  Dakota  were  claimed 
by  owners  and  removed  by  them  after  inspectioQ.    This  arrangemeat 
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made  possible  the  inspectioa  of  practically  all  the  horses  running  at 
luge  on  those  ranges.  Thus  the  advantages  to  be  gained  were 
numerous,  and  Iwga  numbers  of  animals  which  habitually  ran  at 
lai^  on  the  open  range,  a  great  majority  of  which  had  never  been 
handled,  were  subjected  almost  at  the  same  time  to  careful  veterinary 
examination,  as  in  ihe  case  of  those  usually  kept  in  bams  or  inclosed 
pastures. 

During  the  round-up  season  from  June  1  to  Jime  30,  1903,  9,455 
horses  were  examined;  173  were  slaughtered  because  of  showing 
evidences  of  the  disease,  6  of  which  were  stallions  and  167  mares. 
In  addition,  1,270  staUions  running  at  laige,  these  being  the  most 
effective  spreaders  of  the  disease,  were  castrated,  and  185  stallions  to 
be  used  for  breeding  purposes  were  ta^ed  for  identification.  During 
the  year  the  total  number  of  animals  inspected  was  16,287;  number 
found  diseased  and  slaughtered,  511;  number  quarantined  as  sus- 
picious, 277;  number  of  stallions  castrated,  1,889.  The  average 
price  paid  by  the  department  for  animals  slaughtered  because  of 
b^ng  diseased  was  $17.52.  Castrations,  having  been  performed  by 
employees  of  the  bureau,  incurred  no  expense,  and  because  of  this 
operation  the  probability  of  the  transmission  of  the  disease  through 
the  animal  operated  on  was  removed.  Some  of  the  Indian  owners 
objected  strenuously  to  the  castration  of  thfdr  pinto  staUions,  but  as 
a  rule  very  fittle  opposition  was  met  from  tliem,  although  many 
r^;retted  tite  prospects  of  only  a  few  "papoose  ponies"  the  following 
season.  All  staUions  left  for  breeding  purposes  were  ta^ed  with  a 
quarantine  tag,  kept  under  quarantine  restrictions,  and  regularly 
inspected,  so  that  should  the  disease  develop  at  any  point  it  could 
be  promptly  detected  and  stamped  out.  This  same  systematic 
policy  was  followed  during  the  next  few  years  in  this  section. 

Notwithstanding  the  subsequent  failure  of  any  cases  to  appear, 
constant  vigilance  was  kept  over  the  horses  in  the  infected  sections 
to  make  sure  that  none  of  the  cont^on  persisted.  In  order  to  make 
it  an  incentive  to  report  any  diseased  animals  which  might  have  been 
hidden  by  owners,  an  order  was  issued  by  the  Secretary  of  Agriculture 
on  April  15,  1907,  offering  a  reward  of  i50  for  authentic  information 
leading  to  Uie  discovery  of  the  ownership  and  location  of  a  stallion  or 
a  jack  affected  with  dourine,  and  the  sum  of  $25  for  similar  informa- 
tion leading  to  the  discovery  of  a  female  animal  affected  with  tiie 
disease  in  the  quarantined  district,  provided  that  when  more  than 
one  diseased  animal  should  be  found  belonging  to  the  same  owner, 
or  on  the  same  premises,  only  one  reward  should  be  paid.  This 
reward  was  offered  in  addition  to  the  usual  compensation  to  the 
owner.  Notwithstanding  that  this  order  has  been  in  force  since  1907, 
not  one  case  of  dourine  has  been  found  in  that  district,  and  conse- 
quently no  reward  has  ever  been  claimed.      Numerous  suspected 
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caaes,  however,  have  been  reported  from  tdme  to  time  siiice  1906  in 
different  sections  of  the  counti7  by  veterinarians  and  horsemen,  but 
with  the  exception  of  the  recent  Iowa  cases  ^ey  liave  been  shown  on. 
investigation  to  have  been  some  other  disease  simulating  dourine  in 
some  particulars,  and  usually  proving  to  be  c(»t^  exanthema. 

Investigations  have  been  made  in  various  parts  of  South  uxd  Nortii 
Dakota,  Nebraska,  the  Indian  reservations,  Washington,  Or^;on, 
Wyoming,  Oklahoma,  Utah,  and  Montana.  A  t:areful  inspection  has 
also  been  made  of  the  r&i^e  horses  in  some  (^  the  prin<»pal  range 
States,  several  thousand  animals  having  been  inspected  in  such 
States  in  the  round-up  work,  with  the  asastance  of  veterinary 
inspectors  engaged  in  other  hnea  of  field  service,  such  inspectdons 
having  been  made  for  the  detection  of  scabies,  ganders,  and  dourine. 
The  general  method  has  been  to  have  the  hoivee  in  any  section  of  the 
country  that  has  ever  been  regarded  with  suspicion  rounded  up 
during  the  breeding  season  and  examined.  In  the  States  of  Montana 
and  Wyoming  the  horses  on  the  Indian  reservations  have  likewise 
been  examined,  not  because  of  disease  having  been  reported  among 
the  Indians'  horses  in  these  States,  but  because  of  the  fact  that  if 
there  were  any  disease  in  the  country  the  conditions  prevailing  on 
the  Indian  reservations  would  be  likely  to  furnish  an  ideal  medium 
for  its  development  and  dissemination.  For  many  years  the  Crows, 
Arapahoes,  Sioux,  and  Shoshones  have  journeyed  back  and  forth  in  the 
fall  of  the  year  between  the  Sioux  Keservation  at  Pine  Btdge  and  the 
Wind  River  Eeservation  in  central  WyomingandtheCrow  Reservation 
in  southern  Montana.  It  is  their  custom  to  leave  some  of  their  horses 
as  gifts  to  their  friends,  and  it  was  the  possibiUty  that  some  of  these 
animals  might  have  been  affected  with  dourine  that  caused  such 
careful  inspections  to  be  made  at  the  neighboring  Indian  reservations. 
Representative  herds  of  range  horses  have  hkewise  been  examined, 
evea  when  such  herds  have  never  been  regarded  as  suspicious,  and  all 
herds  that  were  ever  regarded  with  suspicion  were  kept  under  stu^ 
veillance  for  several  years. 

In  the  eradication  of  a  disease  like  dourine,  especially  when  it  is 
confined  to  s  relatively  small  area,  compensation  for  the  affected 
animals  destroyed  has  a  very  wholesome  influence  on  the  owner  in 
inducing  him  to  notify  the  proper  authorities  of  the  presence  of 
suspected  cases  of  the  disease.  In  many  instances  the  diseased 
animals  are  capable  of  doing  some  work,  and  unless  they  are  bred 
there  is  no  danger  to  other  animals  from  them.  It  is  this  danger 
of  being  bred  which  makes  It  essential  that  they  should  be  destroyed. 
The  existence  of  this  disease  is  a  great  menace  to  the  horse  industiy, 
and  speedy  eradication  wherever  It  is  discovered  is  therefore  very 
important. 
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publication  in  the  bulletin  series  of  this  bureau,  a  manuscript  entitled 
**  The  Maintenance  Rations  of  Farm  Animals,'*  by  Dr.  Henry  Pren- 
tiss Armsby,  who  has  charge  of  the  cooperative  work  in  animal 
nutrition  between  this  bureau  and  the  Institute  of  Animal  Nutri- 
ti(Hi  of  The  Pennsylvania  State  College.    The  paper  is  based  not 
only  on  Dr.  Armsby's  own  work,  but  on  that  of  other  investigators 
as  wellj  and  is  believed  to  cover  the  subject  thoroughly. 
Eespectfully, 

A.  D.  McLviN, 
Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  MAINTENANCE  RATIONS  OF  FARM  ANIMALS. 


ZHTBODUCnOK. 

F«ed  is  supplied  to  farm  animals  in  order  that  they  may  either 
yield  products  useful  to  man  as  materials  for  human  food  and  cloth- 
ing or  serve  him  by  the  performance  of  mechanical  work.  But 
as  a  factory  must  first  be  supplied  with  enough  power  to  keep  in 
motion  the  shafting,  belting,  and  other  machinery  before  any  product 
can  be  turned  out,  so  the  animal  mechanism  must  be  provided  with 
sufficient  feed  to  maintain  the  processes  essential  to  life  before  any 
continued  production  is  possible.  The  amount  of  feed  required  for 
this  purpose  is  called  the  maintenance  ration  of  the  particular  animal. 
It  is  the  quantity  of  feed  necessary  simply  to  support  the  animal 
when  doing  no  work  and  yielding  no  material  product  If  an  animal 
receiving  exactly  a  maintenance  ration  were  subjected  to  a  so-called 
balance  experiment,  there  would  be  found  an  exact  equality  between 
income  and  outgo  of  ash,  nitrogen,  carbon,  hydrogen,  and  energy, 
showing  that  the  body  was  neither  gaining  nor  losing  protein,  fat, 
carbohydrates,  or  ash. 

The  word  "  maintenance  '*  is  sometimes  used  popularly  in  another 
sense  to  signify  the  total  amount  of  feed  required,  for  example,  by  a 
horse  in  order  to  perform  his  daily  work  or  by  a  calf  in  order  to  make 
a  normal  growth.  It  is  important  to  grasp  the  idea  that,  in  its 
technical  sense,  the  maintenance  requirement  means  the  minimum 
required  simply  to  sustain  life.  The  feed  of  the  horse  or  calf  would, 
from  this  point  of  view,  be  r^arded  as  consisting  of  two  portions; 
one  of  these  is  the  maintenance  ration,  which  if  fed  by  itself  would 
just  support  the  horse  at  rest  or  the  calf  without  growth,  and  the 
other  the  productive  portion  of  the  ration  by  means  of  which  work 
b  done  or  growth  made.  To  recur  to  the  illustration  of  the  factory, 
the.  maintenance  ration  keeps  the  empty  machinery  running,  while 
the  additional  feed  furnishes  the  power  necessary  to  turn  out  the 
product. 

It  might  aeem  at  first  thought  that  not  much  importance  attaches 
to  a  study  of  the  maintenance  ration.  The  animal  kept  on  such 
a  ration  yields  no  direct  economic  return  and  hence  simple  main- 
tenance feeding  should  be  avoided,  so  far  as  practicable,  and  when 
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8  MAINTENA2TCE  RATIONS  OF  FABM  ANIMALS. 

it  appears  desirable  to  practice  it  the  ol>servation  of  the  skilled 
stockman,  especially  if  supplemented  by  occasional  weighings,  will 
usually  suffice  to  det^mine  whether  or  not  the  end  is  being  attained. 
Kevertheless,  the  subject  has  significance  for  practice  as  well  as  for 
science.  A  very  considerable  fraction  of  the  feed  actually  con- 
sumed by  farm  animals— on  the  average  probably  fully  one-half — 
is  applied  simply  to  maintenance.  But  if  half  of  the  farmer's  feed 
bill  is  expended  for  maintenance,  it  is  clearly  important  for  him  to 
know  something  of  the  laws  of  maintenance — ^how  its  requirements 
vary  as  between  different  animals,  how  they  are  affected  by  the  con- 
ditions under  which  animals  are  kept,  how  different  feeding  stuffs 
compare  in  value,  etc. — as  well  as  to  understand  the  principles  gov- 
erning the  production  of  meat,  milk,  or  work  from  the  other  half  of 
his  feed. 

Physiologically,  too,  the  maintraance  requirement  represents  the 
demand  of  the  basal  life  processes.  The  prime  necessity  of  the  organ- 
ism is  to  maintain  itself.  It  must  live  before  it  can  grow  or  propagate 
its  kind,  and  in  the  phenomena  of  maintenance  the  fimdamental 
processes  of  nutrition  may  be  studied  uncomplicated  by  the  demands 
of  growth,  fattening,  or  reproduction. 

THB  VASXraiQ  EATABOLZBK.' 

Unlike  the  operations  of  a  factory,  which  cease  when  the  power  is 
shut  off,  the  activities  of  the  anlmat  do  not  stop  when  food  is  with- 
drawn, but  continue  for  a  variable  length  of  time  at  the  expense  of 
the  materials  of  the  body.  It  is  as  if  the  materials  of  the  factory 
itself  were  beingcut  up  and  used  for  fuel  under  the  boilers.  Men  have 
fasted  voluntarily  for  30  days  or  more  without  obvious  permanent  ill 
effects,  and  there  are  records  of  dogs  having  survived  fasting  periods 
of  from  90  to  100  or  more  days.  In  the  fasting  animal  at  rest  the  vital 
activities  are  reduced,  as  it  were,  to  their  simplest  terms,  practically 
only  those  functions  being  active  which  are  essential  to  continued  life. 
The  following  approximate  estimate  by  Zuntz  of  the  factors  of  the 
katabolism  of  a  fasting  man  may  serve  to  give  a  general  idea  of  their 
nature  and  relative  importance.  Tfie  figures  show  the  oxygen  con- 
sumption per  minute  of  the  various  tissues  and  its  percentage  distri- 
bution : 

>  For  reffreneeB  to  tbe  Uteralnre  of  the  fasting  katabolism  eoinpare : 

UagnuB  LpTf.  Voa  Noorden's  ralboloelp  dp*  StolTirecbBplR.  Sd  cd.,  I.  S22-22R  Bad 
310-315. 

Tlgeratpdt.     Nageri  ITandbach  der  PbyslDloele  dra  U^DScbpn,  t,  nTR-SOl. 

Duk.     Tb«  Science  at  Nutrition.     2d  ed..  94-60. 

Benedict.  Metaboliam  In  Inanition.  Carnegie  Initltutlon  of  Watihtnetnn.  Publication 
So.  77,  II,  861-364. 

Annab7.     PTtDelploi  of  Animal  Nutrition.  M  ed.,  e»-BS  and  3*0-347. 
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According  to  the  foregoing  table  nearly  60  per  cent  of  the  metab- 
olism of  a  fasting  man  is  due  to  the  work  of  the  muscles,  including 
that  of  respiration  and  circulation  as  well  as  the  limited  activity  of 
the  voluntary  muscles,  while  somewhat  over  40  per  cent  is  due  to  the 
internal  organs.  No  equally  complete  data  are  available  for  farm 
animals,  but  the  supposition  seems  justified  that  their  metabolism 
in  its  main  features  is  not  greatly  unlike  that  of  man.  It  may  be 
noted  that  Zuntz  and  Hagemann  found  the  energy  expended  in 
respiration  and  circulation  by  the  horse  in  a  state  of  rest  to  be,  re- 
spectively, 4.7  and  5.01  per  cent  of  the  total  metabolism.  The  sum 
of  these — 9.71  per  cent — is  approximately  comparable  with  the  cor- 
responding figure  for  man. 

PCSP08E  OF  THZ  FABTINO  KATABOUSH. 

The  animal  body  is  primarily  a  transformer  of  energy.  From  the 
biochemical  standpoint  the  essential  phenomenon  of  physical  life 
is  the  transformation  of  chemical  into  kinetic  energy  which  accom- 
panies the  breaking  down  of  more  or  less  complex  molecules  into 
simpler  ones,  and  all  vital  activities  are  essentially  manifestations  of 
energy.  In  the  fasting  state  this  energy  is  derived  from  the  store 
■  of  chemical  energy  contained  in  the  materials  of  the  body  itself. 
The  very  act  of  living,  in  the  foregoing  view  of  it,  is  synonymous 
with  the  expenditure  by  the  organism  of  its  stored-up  capital  of 
energy.  The  prime  and  dominating  purpose  of  the  fasting  katab- 
olism,  therefore,  is  to  supply  energy  for  the  life  actions. 

But  since  the  necessary  activities  of  the  fasting  organism  are  car- 
ried on  by  means  of  energy  d«rived  from  the  katabolism  of  materials 
contained  in  the  tissues,  the  body's  store  of  matter  and  of  energy  is' 
being  constantly  depleted.  To  prevent  or  replace  this  loss  will  re-' 
quire  a  corresponding  supply  of  available  material  and  energy  in  the 
feed.  A  knowledge  of  the  kind  and  quantity  of  material  katabolized 
during  fasting  and  of  the  amount  of  energy  liberated,  therefore,  is 
obviously  the  6rst  step  toward  ascertaining  the  supply  necessary  in 
the  feed. 
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THE   HATEBIAL  KATABOUZED. 

Ash. — The  fasting  organism  suffers  a  continual  loss  of  the  so-called 
ash  ingredients  of  its  tissues,  including  both  the  sulphur  and  phoe- 
phorus  of  its  proteins  and  the  more  distinctly  "  mineral "  elements, 
such  as  sodium,  potassium,  calcium,  magnesium,  chlorin,  etc.  These 
elements  are  just  as  essential  to  the  existence  of  the  animal  as  are 
the  carbon,  nitrogen,  hydrogen,  and  oxygen  of  the  so-called  "  or- 
ganic "  compounds. 

The  study  of  this  branch  of  the  subject,  however,  has  hardly  pro- 
gressed  far  enough  as  yet  to  permit  a  definite  formulation  of  the  ash 
requirements  of  domestic  animals.  The  present  paper,  therefore,  will 
be  confined  to  a  discussion  of  the  maintenance  requirements  in  the 
more  limited  and  customary  sense,  including  only  those  substances 
whose  function  it  is  wholly  or  in  part  to  serve  as  sources  of  energy. 

Fat. — It  is  a  familiar  conception  that  fat  formation  is  the  body's 
method  of  disposing  of  surplus  feed,  and  that  the  body  fat  is  a 
store  of  reserve  fuel  material.  The  converse  of  this  fact  is  equally 
familiar.  The  fasting  or  insufficiently  fed  animal  loses  fat  and  may 
reach  a  stage  of  extreme  emaciation  before  the  active  tissues  fail 
to  perform  their  duties.  Obviously,  the  fasting  animal  lives  very 
largely  upon  its  reserve  fat.  These  conclusions  from  common  obser- 
vation have  been  fully  confirmed  by  comparative  analyses  of  the 
carcasses  of  well-fed  and  of  fasted  animals  as  well  as  by  the  results 
of  balance  experiments  in  which,  the  exact  nature  of  the  outgo  from 
the  body  has  been  determined. 

Carbohydrates. — ^In  addition  to  fat,  the  body  stores  up  more  or 
less  nonnitrogenous  matter  in  the  form  of  glycogen  in  the  liver  and 
muscles.  During  the  first  few  days  of  fasting  this  store  of  carbo- 
hydrates is  also  drawn  upon,  as  is  indicated  by  the  fact  that  the 
respiratory  quotient  tends  to  approach  unity,  while  later  the  amount 
ka^bolized  becomes  very  small.  This  is  well  illustrated  by  Bene- 
dict's* experiments  upon  fasting  men.  The  average  results  of  a 
number  of  experiments  in  which  men  fasted  for  from  two  to  seven 
consecutive  days  were  as  follows: 

Glycoffen  katabolixpd  bj/  fasting  men — Benedict. 
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Protein. — Balance  expwimetits,  however,  while  confirming  the 
conclusion  that  the  toss  of  tissue  in  fasting  usually  consists  chiefly 
of  fat  together  with  some  carbohydrates,  show  that  there  is  also  a 
continual  breaking  down  of  body  protein  and  a  corresponding  ex- 
cretion of  urinaiy  nitrogen.  While  the  energy  supply  of  the  fasting 
animal  is  chiefly  derived  from  the  breaking  down  of  nonnitrogenous 
material,  the  functi<mal  activity  of  the  tissues  necessarily  involves  the 
kataboUsD)  of  a  certain  amount  of  protein. 

KATIO  OF  FSOTEIN  TO  TOTAL  KATABOUSU. 

Qualitatively,  then,  the  katabolism  of  the  fasting  animal  is  substan- 
tially a  katabolism  of  fat  and  of  protein,  and  it  becomes  of  interest 
to  consider  the  quantitative  relations  between  the  two.  Such  a  com- 
parisoQ  is  best  made  on  the  basis  of  the  amounts  of  energy  liberated  in 
the  body  in  the  katabolism  of  protein  and  of  fat  respectively.  This 
aspect  of  the  subject  has  been  treated  especially  in  an  article  by  E. 
Volt  *  in  which  the  results  of  a  considerable  number  of  fasting  ex- 
periments are  compiled  and  discussed.  While  some  of  Voit's  com- 
putations are  based  on  estimates,  they  are  sufSciently  accurate  to 
outline  definitely  the  main  features  of  the  fasting  katabolism.  In- 
cluding only  experiments  on  animals  well  nourished  at  the  beginning, 
he  obtained  the  following  averages  for  the  percentage  of  the  total 
enei^  liberated  which  was  supplied  by  the  katabolism  of  protein  in 
the  case  of  a  number  of  different  species.  The  results  of  the  first  day 
or  two  of  fasting  are  not  included  in  the  averages. 

Fropor/hw  of  energy  derived  from  protein  in  ]a»ting—E.  Voii. 
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While  both  the  total  and  protein  katabolism  naturally  showed  a 
wide  range  as  to  absolute  amount,  whether  per  head  or  per  unit  of 
live  weight,  the  ratio  of  protein  to  total  katabolism  proved  notably 
uniform  with  only  two  exceptions.  The  experiments  upon  dogs,  27 
in  number,  included  in  the  foregoing  table  furnished  the  basis  for 
the  following  comparison,  showing  that  in  74  per  cent  of  the  cases 
the  ratio  ranged  from  10  to  17  per  cent. 

<Z«lt*ebn(t  fOt  Blolo«le,  lol.  *l.  p.   1«T.     i^eflby  GoOQIc 
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Protein  Jcatal>oHsm  of  dog  in  per  cettt  of  total  katabolUim. 


NumbatofcMW. 

Abuinte. 

Percent. 

T— .>,«,in™™. 
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27 
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It  may  be  accepted  as  established,  then,  that  in  what  may  be  spoken 
of  as  the  normal  fasting  animal,  in  which  the  influence  of  the  pre- 
vious feeding  has  disappeared  and  in  which,  on  the  other  hand,  the 
fat  reserve  has  not  been  exhausted,  the  protein  kataboiism  constitutes 
a  fairly  small  percmtage  of  the  total  kataboiism,  both  being  ex- 
pressed in  terms  of  energy. 

INFLtTENCK  or  BODT  FAT. 

It  is  clear,  however,  from  the  foregoing  figures  that  the  ratio  of 
protein  to  total  kataboiism  may  vary  considerably.  The  most  impor- 
tant factor  in  this  variation  has  been  found  to  be  the  relative  amount 
of  fat  contained  in  the  body.  So  long  as  fuel  material  in  the  form 
of  body  fat  is  readily  available,  the  amount  of  protein  katabolized 
remains  small.  Usually,  however,  the  store  of  fat  in  the  body  is  less 
than  that  of  protein,  while  in  fasting  its  exhaustion  is  relatively 
more  rapid.  There  comes  a  time,  therefore,  when  the  supply  of  non- 
nitrogenous  material  to  the  tissues  begins  to  flag.  When  this  hap- 
pens, the  protein  kataboiism  begins  to  increase — that  is,  when  the 
supply  of  reserve  fuel  material  runs  low  the  organism  begins  to  use 
the  protein  of  its  own  tissues  as  a  source  of  energy,  and  E.  Voit* 
shows  that  this  occurs  whenever  the  ratio  of  fat  to  protein  remain- 
ing in  the  body  falls  below  a  certain  limit  If  the  animal  was  origi- 
nally well  fed,  this  rise  in  the  protein  kataboiism  occurs  only  shortly 
before  death,  from  which  fact  it  has  received  the  name  of  the  pre- 
mortal rise.  In  the  case  of  very  fat  animals  this  point  may  never 
be  reached,  while,  on  the  other  hand,  in  a  lean  animal  the  protein 
kataboiism  may  increase  steadily  from  the  very  beginning  of  the 
fasting.  The  following  three  experiments  upon  a  fat  guinea  pig,  a 
moderately  fat  dog,  and  a  lean  rabbit,  cited  by  Voit  from  Rubner's 
experiments,  may  serve  to  illustrate  these  three  types  of  fasting 
kataboiism : 

'  Loc.  cit.,  p.  Goa. 
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Proportion  of  eMrgy  tferloed  frot»  protein — Bubner. 
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Od  the  other  hand,  as  Pettenkofer  and  Voit  long  ago  showed,* 
when  an  animal  which  has  been  previously  receiving  large  amounts 
of  protein  is  deprived  of  feed,  the  hi^  protein  katabolism  which 
is  observed  during  the  first  two  or  three  days  of  fasting  is  accom- 
panied by  a  relatively  smaller  katabolism  of  fat  Thus  in  an  experi- 
ment with  a  dog,  cited  on  a  subsequent  page  (p.  74)  to  illustrate 
the  initial  fall  of  protein  katabolism,  respiration  experiments  were 
made  on  the  second,  fifth,  and  eighth  days,  with  the  following 
reeults: 

KatabotUm  of  fatting  4off — Voit. 
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Obviously  we  have  here  the  reverse  of  what  takes  place  in  the  later 
days  of  fasting,  viz,  a  gradual  substitution  of  fat  for  protein  as  the 
readily  available  supply  of  the  latter  in  the  body  is  reduced.  Doubt- 
less the  effect  would  have  been  found  to  be  still  more  marked  on  the 
first  day  of  the  fasting,  when  the  protein  katabolism  was  equivalent 
to  28.1  grams  of  nitrogen. 

RELATIVE  CONSTANCr  OF  ENEHQT  KATABOLIBH. 

The  results  which  have  just  been  considered  regarding  the  nature 
of  the  material  katabolized  in  fasting  and  the  way  in  which  fat. 


>  Zeitocbrirt  rac  Biologic,  vol.  1 
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carbohydratee,  and  protein  mutnally  rqtlaoe  ew^  other  as  fuel  ma- 
terial as  oDe  or  the  other  is  most  available  fully  substantiate  the 
assertion  made  on  pKge  9  that  the  controlling  factor  in  the  katabo- 
lism  of  the  fasting  body  is  the  demand  for  energy.  As  there  stated, 
the  body  is  essentially  a  converter  of  energy,  and  protein  ocxsupies  a 
peculiar  position  in  nutrition  simply  so  far  as  it  is  a  part  of  the 
necessary  mechanism  for  this  conversion.  These  facta  can  hardly 
have  failed  to  suggest  that  the  demand  for  energy  must  be  relatively 
constant  in  the  same  individual,  and  that  such  is  in  fact  the  case  has 
t>een  demonstrated  by  a  large  number  of  experiments. 

For  example,  In  tbe  experiment  by  Volt  upon  a  dog,  Just  cited,  tlie  energ;  of 
the  protein  and  fat  katabollsed  on  the  tbree  days,  as  computed  from  tlie  data 
for  the  urinary  nitrogen  and  for  the  fat  kataboUnn,  wbb  as  shown  in  the  fol- 
lowing table,  from  whtcb  tt  appears  that  the  total  energy  katabollxed,  eepedally 
when  computed  per  kilogram  of  lire  weight,  was  approximately  the  same  on 
the  different  days. 

CoMtoncy  of  katabolUin  of  /sstinf  io// — Voit. 
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The  same  coQStADcy  1b  Illustrated  by  Bnbner's  experiments  on  a  nbblt,  a 
dog,  and  a  guinea  pig,  whose  rdatlve  protein  kataboUsm  was  tabulated  on 
page  la  The  latter  la  repeated  In  the  foUovlng  tabl^  togetber  with  the 
heat  production  as  measured  directly  or  the  cactxm  dloxld  excreted,  which  may 
be  assumed  to  be  an  approximate  measure  of  the  mergy  katabollzed.  As  the 
table  shows,  notwithstanding  very  cousld^ble  varlaUtMu  In  the  relatlTe 
amount  of  protein  katabollied,  tlie  total  energy  liberated  In  tbe  body  was  rela- 
tively very  constant 
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COHatancv  of  kataboUam  of  fasting  onimaia — Rubner. 
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Benedict*  has  obtained  like  resnlta  for  tbe  beat  prodnctlon  of  man  ai  meas- 
ured directly  by  metms  of  the  respiration  calorimeter.  For  example,  In  an 
experiment*  covering  seven  days  tlie  following  quantities  of  atetgy  were  ka- 
tabollaed  dallr- 

Conttancjf  of  katabolUm  of  fatting  man — BeneAici. 
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This  constancy  of  the  fasting  kataholism  evidently  is  in  accord 
with  the  conception  of  it  outlined  on  page  9  as  the  measure  of  the 
energy  necessary  to  carry  on  the  vital  activities  of  the  body.  The 
functions  of  circulation,  respiration,  excretion,  etc.,  must  go  on  con- 
tinually in  a  vtate  of  so-called  rest,  the  muscular  tonus  must  be 
maintained  and  divers  minor  muscular  movements  executed.  In 
the  aggr^ate  all  these  result  in  the  expenditure  of  a  relatively 
uniform  amount  of  energy  from  day  to  day.    This  energy  in  the 

■The  Inlliwlice  of  Inanition  on  HEtabolIsm.  Carnegie  Inatltntlon  of  Waahlncton,  190T, 
PabUcation  Na  7T. 

t  No.  15  on  8.  A.  B.,  pp.  188,  483,  and  494. 
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fasting  aiiimal  is  supplied  mainly  by  the  katsbolism  of  protein  and 
fat.  In  the  intermediate  stages  of  fasting,  as  has  been  shown,  the 
luitabolism  is  largely  that  of  fat,  but  the  ratio  between  fat  and 
protein  katabolized  may  differ  widely  according  to  circumstances. 
In  other  words  the  protein  requirement,  or  at  least  the  amount  of 
protein  used,  may  vary,  while  the  energy  retjuirement  remains  nearly 
constant.  The  fasting  organism  requires  a  definite  quantity  of 
energy,  but  seems  more  or  less  indifferent  as  to  its  source. 

THE   ENEBAY  BEQUZBEKEHI   FOB  HAINIENAXCE. 

Id  the  fasting  animal  the  store  of  potential  energy  in  the  body 
is  diminished  daily  by  the  amount  required  to  carry  on  the  vital  ac- 
tivities, this  amount  being,  as  just  shown,  relatively  constant.  In 
order  to  prevent  such  a  loss  and  maintain  the  store  of  body  energy, 
it  is  evident  that  a  corresponding  quantity  of  energy  must  he  sup- 
plied in  the  feed  and  that  a  maintenance  ration  is  one  which  supplies 
this  requisite  quantity. 

REPLACEHENT  OF  NtmUENTB. 

For  this  purpose  experiments  have  shown  that  the  various  di- 
gestible nutrients  may  replace  each  other  or  the  ingredients  of  the 
body  through  a  very  wide  range. 


Fat  fed  to  a  previously  fasting  animal  diminishes  or  suspends  the 
loss  of  body  fat.  The  following  averages  of  Pettenkofer  and  Voit's 
experiments,'  computed  from  Atwater  and  Langworthy's  digest,' 
may  serve  to  illustrate  this  substitution  of  feed  fat  for  body  fat: 

Replacement  of  body  t<'t  bj/  feed  fat — Pettenkofer  and  Toil. 
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The  emaller  amount  of  fat  not  only  dlmlnleOied  the  protein  kataboltam  bat 
also  largely  reduced  the  lutw  of  fat  from  the  body.  While  the  larger  amount 
of  Cat  showed  a  tendency  to  Increase  the  protein  kataboUsm,  It  not  only  ma- 
peaded  the  loss  of  body  fat  bnt  caused  a  storage  of  fat  in  the  organism.  Of 
i-ourse  there  Is  no  mesna  of  dlBtlngiilsbtni;  In  snch  a  case  between  feed  fat  and 
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bod7  Cat.  bat  it  is  most  natnral  to  sappoK  that  tlie  rewrbad  fot  of  the  feed, 
being  already  In  drcolatlMk  In  tlie  body,  Is  more  easily  acceeslble  to  tlie  active 
cellB  tlian  the  stored-np  fat  of  the  adtpoee  tlsfne  and  Is  tlwrefore  metabolised 
la  preference  to  tbe  latter. 

CABBOHTDa^TES  AND  BODY  TAT. 

Experiments  precisely  similar  to  those  on  fat  just  described  show 
that  carbohydrates  may  also  diminish  or  suspokd  the  loss  of  body  fat. 
This  may  be  illustrated  by  the  results  of  three  experiments  upon  a  dog 
by  Ruboer. 

Replacement  of  boAy  fat  hv  carboht/Omtef—Rtibner. 
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OAXSOHTVEATfiB  AKD  rED  FAT. 

Kubner  substituted  dextrose  for  fat  in  the  diet  of  a  dog  receiving 
also  a  fixed  amount  of  lean  meat.  The  results  of  this  substitution 
are  given  in  the  folIoT^ing  table,  and  show  that  with  the  larger 
amount  of  dextrose  in  place  of  the  fat  previously  fed  the  loss  of  body 
fat  was  prevented : 

Replacmtent  of  feed  fat  by  carbohvdratet — Rulmer. 
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WEZB   PBOTEIH   AND   BOOT  FAT. 

It  has  already  been  shown  that  body  protein  may  replace  body  fat 
in  the  katabolism  of  the  fasting  animal.  A  similar  substitutitm  of 
feed  protein  for  body  fat  may  take  place.  When  protein  is  given 
to  a  previously  fasting  animal  it  is  a  well-known  fact  that  the 
nitrc^n  of  the  protein  is  rapidly  split  off  and  excreted,  while  the 
nonnitrogenous  portion  of  the  molecule  serves  as  a  source  of  energy 
8489'— Ball.  143—12 2 
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to  the  OTgsnistn.  (Compare  pp.  76  to  82.)  This  nonnitrogenous 
residue  can  be  substituted  for  bod;  fat,  as  is  illustrated  in  au  experi- 
ment by  Subner  in  which  extracted  lean  meat  was  given  to  a  fasting 
animal,  with  the  result  tabulated  below : 

Replacement  of  body  fat  6v  proletn — Rvbner, 
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WAT  OB  CABBOHYSKATBS  A 

A  certain  minimi""  of  protein  is  essential  to  the  maintenaace  of 
the  protein  tissues  of  the  body,  but  feed  protein  in  excess  of  this 
amount  undergoes  rapid  katabolism  and  serves  substantially  as  a 
source  of  energy.  Such  an  excess  of  protein  in  the  feed  can  be  re- 
placed by  nonuitrogenous  nutrients,  particularly  the  carbohydrates. 
This  effect  of  fat  or  carbohydrates  as  a  substitute  for  protein  may  be 
illustrated  by  the  following  tabulation  of  the  average  results  of  a 
number  of  Pettenkofer  and  Volt's  experiments: 

Replacement  of  feeA  protein  by  fat  or  carbohj/dratet — Pettenkofer  and  Foil. 


r«di«d»j. 

O^otta-bybQdy. 

IUUdiu. 

UtaL 

Fsl. 

■ 

Or.p. 

Nltnigai 

c.^ 

Ptolrinonlr: 

Ortwu. 

m 
uo 

500 

Otmnu. 

Onmt. 

G«,m4. 

Onm. 

Onmi. 

Av««g.o(iai(23eii»rlnnint.) 

^"t^X^U^^^., 

100 

a» 

IDD 

It  appears,  then,  that  all  the  principal  nutrients  may  serve  to  supply 
energy  to  the  body,  and  the  facts  just  considered  show  a  remarkable 
degree  of  flexibility  on  the  part  of  the  animal  organism  as  regards 
the  nature  of  the  material  which  can  be  utilized  for  its  metabolism. 
Aside  from  the  small  minimum  of  protein  required,  the  metabolic 
activities  of  the  body  may  be  supported  now  at  the  expense  of  the 
stored  body  fat,  now  by  the  body  protein,  and  again  by  the  protein, 
the  fats,  or  the  carbohydrates  of  the  feed.  Whatever  may  be  true 
economically,  physiologically  the  welfare  of  the  mature  animal  is  not 
conditioned  upon  any  Sxed  relation  between  the  classes  of  nutrients 
ia  its  feed  supply  apart  from  the  minimum  requirement  for  protein. 
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AVAILABILITY   OF  ENEBar. 

Since  the  chief  function  of  the  feed,  aside  from  r  minimum  of 
protein,  is  to  supply  energy,  it  would  be  natural  to  suppose  that  the 
quantity  of  energy  liberated  in  the  body  by  the  oxidation  of  any 
giv«i  substance  (le.,its  metabolizable  energy)  would  be  the  measure 
of  its  nutritive  value.  If  one  gram  of  starch,  for  example,  can  liberate 
4.2  calories  of  energy  in  the  body  and  a  gram  of  fat  9.5  calories, 
apparently  the  relative  values  of  the  two  should  be  in  proportion  to 
these  figures.  But  while  the  metabolizable  energy  of  the  feed  rep- 
resents the  maximum  amount  of  energy  which  can  be  extracted  from 
it  by  the  organism,  it  does  not  follow  ttiat  all  of  it  can  be  utilized  for 
maintenance.  Energy  is  not  something  which  can  be  fed  into  the 
organism  r^ardless  of  its  source,  like  fuel  under  a  boiler.  Wliatever 
energy  is  in  essence,  so  far  as  the  animal  is  concerned  it  is  carried 
as  chemical  energy  by  the  compounds  of  the  feed,  and  these  roust  be 
such  as  can  take  part  in  the  actual  chemical  changes  occurring  in  the 
cells  if  their  energy  is  to  be  utilized.  The  body  can  not,  like  a  heat 
engine,  avail  itself  of  enei^  in  the  kinetic  form.  It  is  quite  con- 
ceivable that  a  compound  might  be  resorbed  from  the  digestive  tract 
and  then  simply  oxidized  to  get  rid  of  it  without  its  entering  into 
the  cell  metabolism.  Its  energy  would  be  metabolized,  that  is,  con- 
verted into  the  kinetic  form,  but  it  would  be  simply  a  source  of  heat 
and  not  of  other  forms  of  energy.  Somewhat  similar  is  the  case  of 
the  chemical  changes  occurring  in  the  digestive  tract.  Some  of  these, 
notably  the  fermentations  of  the  feed,  set  free  energy  as  heat,  yet 
this  energy  plays  no  part  in  the  actual  metabolism  of  the  tissues.  It  is 
clear,  then,  that  we  are  not  warranted  in  concluding  that  because, 
for  example,  a  fasting  animal  breaks  down  body  substance  equivalent 
to  10  therms  per  day,  therefore  a  ration  containing  10  therms  of 
metabolizable  energy  wilt  suffice  to  maintain  the  animal.  That  will 
depend  upon  how  completely  the  body  is  able  to  use  the  10  therms  of 
metabolizable  energy  supplied  to  it.  In  other  words,  the  energy  must 
not  only  be  present,  but  it  must  be  available  energy. 

If  the  metabolizable  energy  were  all  available  to  protect  body 
tissue  from  oxidation,-  then  giving  feed  to  a  fasting  or  partially 
fasting  animal  would  be  practically  the  substitution  of  one  kind  of 
fuel  for  another,  and  the  total  heat  production  would  remain  the 
same.  It  is,  however,  an  observation  as  old  as  the  time  of  Lavoisier 
that  the  consumption  of  feed  tends  to  increase  the  heat  production 
of  an  animal.  That  investigator  observed  the  oxygen  consumption 
of  man  to  increase  materially  (about  37  per  cent)  after  a  meat,  and 
subsequent  experiments  by  a  large  number  of  investifiators  have  fully 
confirmed  these  earlier  results,  so  that  the  fact  of  an  increased  metab- 
olism consequent  upon  the  ingestion  of  feed  is  undisputed.  It  is 
especially  to  the  investigations  of  Zuntz  and  his  associates  that  we 
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owe  the  unquestionable  demimstration  of  this  fact  and  of  its  signifi- 
cance in  relation  to  the  nutritive  values  of  feeding  stuffs. 

These  relations  may  perhaps  be  more  clearly  apprehended  through 
an  illustration  taken  from  actual  experimental  work. 

ATAILABIUTr   torn   CATTLE. 

In  an  experiment  by  Armsby  and  Fries '  a  steer  averaging  373.7 
kilograms  live  weight  was  fed  daily  3.2  kilograms  of  timothy  hay, 
an  amount  known  to  be  insufficient  for  maintenance.  The  potential 
energy  contained  in  the  feed,  the  losses  in  the  various  e.xcret&,  and 
the  metabolizable  energy  of  the  ration  were  determined,  with  the 
following  results: 

Per  day  and  head. 
Feed:  Tberms. 

aifl9  kilos  Umothy  hay J2.618 

Eiicreta:  Therms. 

4.786  klloB  feces 5.247 

8. 943  kOoa  nrine .627 

0.070  kilo  methane l.(K57 


Hetaboltaable  eaergj  of  ration. 


A  balance  experiment  with  the  respiration  calorimeter  showed, 
as  waR  expected,  that  the  steer  was  living  in  part  at  the  expense  of 
his  own  tissues,  the  total  loss  of  protein  and  fat  being  equivalent 
to  2.377  therms  *  per  day. 

In  the  period  immediately  following  this  o^e  the  same  steer  ate 
per  day  5.194  kilograms  of  the  same  timothy  hay,  all  the  other  condi- 
tions of  the  experiment  being  as  nearly  identical  as  possible.  The 
metabolizable  energy  of  this  larger  ration,  determined  in  the  manner 
jii&t  indicated,  was  9.262  therms,*  while  a  balance  e-xperiment  showed 
that  the  loss  of  protein  and  fat  had  been  reduced  to  the  equivalent 
of  0.357  therm.* 

The  following  comparison  of  the  two  periods  can  therefore  be 
made: 

AvatluhJe  energy  of  timothy  hay. 
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On  the  lighter  ration,  the  steer  supplemented  the  energy  derived 
from  its  feed  by  2.377  therms  derived  from  the  kataboHsm  of  its  own 
fat  and  protein,  but  when  2,1  kilograms  of  timothy  hay  was  added  to 
the  ration,  the  amount  of  energy  which  had  to  be  furnished  by  the 
body  tissues  was  reduced  to  0,357  therm.  In  other  words,  2.1  kilo- 
grams of  timothy  hay  supplied  2.020  therms  of  energy  which  was 
available  to  support  the  necessary  bodily  activities  and  which,  there- 
fore, could  replace  an  equal  amount  which  would  otherwise  have  been 
derived  from  the  katabolism  of  body  substance.  This  was  the  con- 
tribution which  this  amount  of  hay  made  to  the  maintenance  of  the 
steer. 

But  the  2.1  kilograms  of  timothy  hay  added  to  the  ration  supplied, 
as  the  table  shows,  3..')75  therms  of  metabolizable  energy.  Clearly, 
then,  a  unit  of  metabolizable  energy  supplied  by  the  digestible  matter 
of  the  hay  was  less  elEcient  than  ^e  same  arnount  supplied  by  body 
substance.  Only  56.5  per  cent  of  it  could  be  substituted  for  that  pre- 
viously supplied  by  the  katabolism  of  the  fat  and  protein  of  the  body 
of  the  steer,  while  the  remaining  1.555  therms,  or  43.S  per  cent,  sim- 
ply increa.sed  the  heat  production  of  the  animal,  the  latter  being  as 
follows : 

Dailu  heat  production.' 


It  is  customary  in  such  a  case  to  speak  of  the  2.020  therms  as  the 
available  energy  of  the  hay  added  to  the  basal  ration  of  Period  III 
and  to  say  that  56.5  per  cent  of  the  metabolizable  energy  of  the  hay 
was  available.  Such  a  method  of  statement  does  not  necessarily 
imply  that  the  remaining  43.5  per  cent  served  no  useful  function  in 
the  body,  but  simply  asserts  that  the  net  result  to  the  organism  was 
the  same  as  if  56.5  per  cent  of  the  metabolizable  energy  were  sub- 
stituted unit  for  unit  for  energy  derived  from  the  katabolism  of  body 
substance  and  as  if  the  remaining  43.5  per  cent  were  useless.  What 
the  experiment  really  shows  is  that  a  unit  of  metabolizable  energy 
in  the  hay  had  only  56.5  per  cent  of  the  value  for  maintenance  of  a 
unit  of  metabolizable  energy  in  the  body  substance  (chiefly  fat) 
previously  katabolized,  but  the  first  method  of  expression  is  both 
common  and  convenient  and  may  be  retained. 

ExpHlments  by  the  same  antbors  on  several  other  feeding  atnffs  have 
fCtTm  resnlts  at  the  same  general  character  ns  those  Jast  quoted.  Of  the 
metabolizable  energy  of  these  feeding  atufT^,  bb  directly  determined  In  each  ex- 
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Iierlment,  the  followlDg  perceatages  were  found  to  be  available  in  tbe  above 
seuse,  while  the  remainder  slmpif  served  to  increase  tbe  beat  production: 

Average  avaiXaHlity  of  metaboUxaWe  energy, 

Timothy  bay,  5  experlmentB [ie.32 

Clover  bay,  2  eiperlnientB 58.47 

Com  meal,   1   eiperiment 09.12 

Wheat   bran,   2   eiperiments Ri,  36 

Mixed  gmln  (1  ])&rt  wbent  itran,  3  parts  com  meal,  3  parts 
linseed  meal  O.  P.),  4  ezperimenta 57.42 

Kellner'B*  extensive  investlgationa  upon  the  metabolism  o(  fattening  cattle 
bave  likewise  demonstrated  that  In  the  productive  feeding  of  these  animals 
only  part  at  tbe  nietRboIlzable  eneri^  supplied  In  excess  of  the  maintenance 
ration  Is  recovered  lii  the  gain  produced,  the  reniatnder  being  converted  Into 
bent,  so  that  the  heat  production  Increases  witb  tbe  amount  of  feed  consumed. 

ATAILABILITT  n)R  THB  HOBSB — BUNTB  AND  HAOBUAIfN'S  BEBULTH. 

The  foregoing  results  upon  cattle  have  been  cited  because  they 
illusti^te  simply  and  clearly  the  basic  conception  of  the  availability 
of  feed  energy  and  also  because  they  are,  so  far  as  the  writer  is 
aware,  the  Brst  experiments  upon  farm  animals  on  submaintenance 
rations  in  which  the  complete  balance  of  matter  and  of  energy  for  24 
hours  has  bem  determined.  Zuntz  and  Hagemann*,  however,  had 
shown  several  years  before  in  an  extensive  investigation  that  the  in- 
creased metabolism  which  Zuntz  and  his  associates  had  observed  in 
dogs  and  men  as  resulting  from  the  ingestion  of  food  was  even  more 
marked  in  the  case  of  the  horse. 

In  their  Investigations  the  respiratory  exchange  of  tbe  animal  was  determined 
by  the  Zuntz  method  In  short  periods  at  various  luferviila  after  tbe  eonsump- 
tlon  of  more  or  less  diverse  rations,  a  small  correction  being  added  for  cuta- 
neous and  Intestinal  respiration.  By  combining  these  results  with  those  of  a 
numtwr  of  separate  dlge«tlaa  trials  in  which  the  nitrogen  and  carbon  of  tiw 
feed  and  of  tbe  visible  excreta  were  determined,  an  approximate  determination 
of  the  total  energy  metabolism  of  the  animal  was  also  possible.' 

For  example,  on  the  average  of  a  number  of  experiments  In  which  the  metab- 
ollam  shortly  before  feeding  in  the  morning,  shortly  after  feeding,  and  some 
hours  later  was  determined  by  the  methods  Just  outlined,  tbe  fallowing  results, 
computed  per  kilogram  per  minute  were  obtained.* 
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It  was  Him  toond  tliat  coarse  fodder  (hay)  produced  a  mnch  more  marked 
diect  tban  did  grain.  Tbe  foUowlDg  comparlaon  of  the  average  of  the  experi- 
ments of  period  c  on  AD  exclnalTe  hay  diet  with  that  of  the  experiments  of 
period  /  oo  a  mixed  ntloa  lllostrates  this  fact.' 
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Zaniz  and  Hagemann  estimate  the  fnel  raine  of  the  total  digestible  natrlents 
In  the  fe«d  of  tbe  hwse  (lucladlng  digeflttbJe  crude  flber  and  digestible  fat  X 
2.4)  at  3.96  calories  per  gram,  and  on  the  basis  of  experiments  on  man  made  by 
Magnua-Lery  in  Znntz's  laboratory  th^  assume  that  9  per  cmt  of  the  metabo- 
llzable  energy  of  the  digestible  nutrients  as  tbua  computed  Is  expended  In 
their  dlgeetioo.  The  hay  ration  of  the  foregoing  table  contained  1.572  grams 
less  of  {estimated)  digestible  nutrients  than  the  mixed  ratloa  Tbe  corre- 
qmndlng  expoidlture  of  energy  in  the  digestion  of  these  nutrients  (9  per  cent 
of  their  metabollzable  energy)  equals  680  calories.  Accordingly  the  energy 
kutabollsm  should  hare  been  S80  calories  less  In  period  c  than  in  period  /. 
It  was  actually  T72  calories  greater,  a  difference  of  l,3r>2  calories.  This  differ- 
ence Is  ascribed  to  the  presence  In  the  hay  ration  of  048  grams  more  of  total 
crude  liber  and  corresponds  to  2.Q6S  calories  per  gram  of  the  latter. 


The  foregoing  compntations  relate  to  the  expenditure  of  energy  in  the  diges- 
tion of  ttie  food  after  It  has  altered  the  stomach.  Tbe  mme  authors  hare  also 
determined  tbe  Increase  In  the  gaseous  exchange  caused  by  maBticntloD,  deglu- 
tition, etc.  For  this  purpose  they  compare'  the  excretion  of  carbon  dioiid  and 
the  consumption  of  oxygen  during  the  time  actoally  occupied  in  eating  with 
the  corresponding  amounts  during  rest,  as  shown  by  tbe  average  of  a  number  of 
experiments  made  andw  identical  ctmdltlCHiB.  On  the  assumption  that  tbe  pro- 
tein metabolism  Is  unaltered,  the  amounts  of  carbohydrates  and  fat  metabo- 
lised and  the  corresponding  amounts  of  en«gy  are  calculated.  The  following 
la  a  summary  of  the  results  computed  per  kilogram  of  feed : 

Energy  expended  f»  maaficatlon  of  1  kilogram — Ztmtz  and  Hagemann. 
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As  W8B  to  have  been  expected,  tbe  work  of  mastication  proves  to  be  mocli 
greater  Im  tbe  case  of  hay  tbaii  Id  tliat  of  grain.  Malse  gave  a  remarkably  low 
reeult,  wMle  tbe  lowest  was  obtained  with  grerai  fodder.  Even  wbai  tbe  results 
on  tbe  latter  are  compnted  per  Icllogram  of  dry  matter,  tbey  ate  still  about  40 
per  cent  tower  than  those  on  hay.  A  few  experlmoits  on  old  borses  with  defec- 
tive teetb  gave  somewhat  higher  results  for  tbe  mixture  of  oats  and  cut  straw. 

While  pointing  out  that,  as  tbe  above  results  show,  otlier  factors  than  tbe 
amount  of  crude  fiber  Influence  tbe  work  of  masticatloo,  they  nevertheless 
believe  that  a  sulScleQtly  close  approximation  for  practical  purposes  may  be 
reached  by  computing  the  work  of  mastication  upon  tbe  amonnt  of  crude  fiber 
present,  which  gives  an  average  of  0.565  calorie  per  gram,  and  using  this  factor 
to  compute  the  work  of  mastication  of  the  average  ration.  Adding  this  factor 
to  tbe  2.0SS  calories  computed  for  the  work  of  digestion  of  one  gram  of  fiber 
gives  a  total  of  2.66  calories  per  gram  of  total  crude  fiber  aa  representing  the 
work  of  mastlcatloD  together  with  the  extra  expmdlture  of  energy  In  digestion. 


In  brief,  then,  Zuntz  and  Hagemann  compute  the  available  energy, 
or  maintenance  value,  of  a  feeding  stuff  for  the  horse  as  follows: 
First,  the  metabolizable  energy  is  computed  at  the  rate  of  3.96  calo- 
ries per  gram  of  total  digestible  matter,  including  the  digestible  crude 
fiber  and  the  digestible  fat  multiplied  by  2.1.  Second,  from  the 
metabolizable  energy  thus  computed  there  is  subtracted  9  per  cent 
for  the  work  of  digestion  and  in  addition  2.65  calories  for  each  gram 
of  total  crude  fiber  present. 

The  method  of  computation  may  be  conveniently  illustrated  from 
the  data  given  by  Langworthy  ^  for  timothy  hay.  Zuntz  and  Hage- 
mann's  factors,  recalculated  per  pound  for  convenience,  become,  for 
metabolizable  energy,  1.796  therms;  for  crude  fiber,  1.202  therms.  On 
this  basis  the  calculation  of  the  available  energy  of  the  hay  would  be 
as  follows : 

Ava4lable  energy  in  100  pounds  o/  timothy  hay. 
Digestible  nutrients ;  PoimdB. 

Protein 1. 2B 

Gmde  fiber 12.39 

Nitrogen-free  extract 21.28 

Fat  (1.18X2.4) 2.83 

ST.  72 
Total  crude  fiber 29.00 

Metabolizable  energy  (1.706  tberm8X37.72) 67.75 

Work  of  dlgestltm :  TbenuH. 

B  per  cent  of  metabolizable  (67-75  tbennsXO.OO) 6,10 

Additional  for  crude  (1.202  therm8X29) 34.86 

Total  40. 96 

Available  energy  (maintenance  value) 26,79 

'  V.  S.  Department  of  Agricaltute,  omce  of  Eiperlment  Stations,  Bulletin  125.  p.  14. 
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As  is  evideot  from  the  brief  description  given  of  the  methods  by 
which  the  factors  are  reached,  this  method  of  computation  is  not 
claimed  hy  its  authors  to  be  scientifically  exact,  but  they  believe  it  to 
be  a  sufficiently  close  approximation  on  which  to  base  computations 
of  rations  in  practice. 

Zuntz  and  Hagemann's  conclusions  have  been  subjected  to  ctHi- 
siderable  criticism,  the  two  principal  points  being,  first,  their  esti- 
mate of  9  per  cent  for  the  work  of  digestion,  based  upon  the  results 
of  experiments  on  man ;  and,  second,  and  more  especially,  the  assump- 
tion that  the  metabolism  for  24  hours  may  be  computed  from  the 
results  of  comparatively  short  respiration  experiments.  Qualita- 
tively, Zuntz  and  Hagemann  have  clearly  demonstrated  the  very 
considerable  expenditure  of  energy  by  the  horse  in  the  digestion  of 
hLs  feed,  as  well  as  the  fact  that  this  expenditure  is  much  greater 
with  coarse  fodders  than  with  grain,  and  they  were  the  first  to  point 
out  that  this  expenditure  of  energy  must  be  taken  account  of  in  esti- 
mating the  values  of  feeding  stuffs.  There  may  be  a  difference  of 
opinion  as  to  the  quantitative  worth  of  their  figures,  and  certainly 
investigations  by  more  direct  methods,  involving  fewer  assumptions 
and  complex  calculations,  are  greatly  to  be  desired,  but  until  such 
results  are  obtained  we  may  continue  to  use  provisionally  those 
reached  in  the  manner  just  described. 

AVAILABILITT  FOB  THE  KOBSB WOLFF'S  ■XSULTA. 

His  extensive  investigations  upon  the  working  horse,  made  at 
Hohenheim  in  1877  to  1894  >  and  antedating  the  investigations  thus 
far  mentioned,  led  Wolff  to  a  still  simpler  approximate  method  of 
estimating  what  in  a  sense  corresponds  to  the  available  energy  ot 
the  feed  of  the  horse. 

In  WoltTB  experiments,  the  hone  performed  a  meaenred  amount  of  work 
wblch  wBB  BO  adjDBted  Id  different  periods  as  to  be  as  nearly  as  possible  In 
equilibrium  wltb  the  feed  consumed.  This  was  considered  to  be  the  case  wben 
(he  lire  weight  of  the  animal  remained  snbstaDtlall;  uncb&nged  for  a  con- 
siderable period  and  wben  the  urinary  nitrogen  did  not  show  an  Increase  as  a 
conseqnaice  of  the  additional  work  done.  By  comparing  the  work  performed 
on  a  basal  ration  with  tbat  which  could  be  done  with  a  heavier  one.  the  ratio 
of  tbe  work  done  to  the  additional  feed  consumed  was  established  within  the 
limits  of  error  of  the  metbod,  this  being  the  prime  object  of  the  experiments. 
This  being  determined,  however.  It  was  a  simple  matter  to  compute  the  amount 
of  feed  corresponding  to  the  total  work  done,  wblte  subtracting  this  from  the 
total  ration  would  give  the  maintenance  ration.  The  re(<ults  of  these  compari- 
son^ made  on  the  basis  of  the  so-called  "  digestible  nutrients  "  of  the  rations 
<tbe  digestible  fat  being  multiplied  by  24)  are  considered  on  snbsequent  pages. 

On  the  average  of  a  considerable  number  of  comparisons,  it  was 
found  that  the  digestible  nutrients  from  coarse  fodders  were  less 

'  Compare  pp.  67  to  62. 
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efficient  both  for  work  production  and  for  mainteoance  than  were 
those  derived  from  grain,  and  Wolff  also  cites  the  results  of  Gran- 
deau  and  Le  Clerc's  experiments  in  Paris  which  show  the  same 
general  result  Wolff  shows,  however,  that  if  the  digestible  crude 
fiber  be  omitted  from  the  comparisons,  the  ratio  between  fiber-free 
nutrients  and  the  work  performed  is  comparatively  uniform  and 
also  that  this  assumption  yields  imiform  results  for  the  fiber-free 
nutrients  required  for  maintenance.  He  therefore  concludes  that  the 
crude  fiber  in  the  rations  of  the  horse  is  apparently  valueless  and  that 
the  remaining  digestible  nutrients  may  be  regarded  as  of  equal  value 
whether  derived  from  grain  or  from  coarse  fodders.  Expressed  in 
the  light  of  our  present  conceptions,  this  is  practically  equivalent  to 
baying  that  the  expenditure  of  energy  in  digestion  is  proportional  to 
the  metabolizable  energy  of  the  crude  fiber,  or  that  the  available 
energy  is  proportional  to  the  amount  of  fiber-free  nutrients. 

Wolff  is  careful  to  say  that  the  digestible  crude  fiber  is  apparently 
valueless,  and  virtually  regards  the  amount  of  crude  fiber  as  furnish- 
ing a  convenient  empirical  measure  of  the  difference  in  the  nutritive 
value  of  the  digestible  nutrients  of  coarse  fodder  as  compared  with 
those  of  grain.  That  such  is  the  case  is  doubtless  explained  in  part 
by  the  rather  limited  variety  of  feeding  stufi's  employed  in  the  experi- 
ments. The  coarse  fodder  was  meadow  hay,  with,  in  some  cases,  a 
small  addition  of  straw,  while  the  grain  was  usually  oats,  partially 
replaced  in  some  cases  by  other  feeds.  Whether  the  same  relation 
between  fiber-free  nutrients  and  work  done  would  hold  in  widely 
different  rations  is  not  apparent. 

It  should  be  borne  in  mind  that  in  reality  Wolff's  results  are  rela- 
tive only.  They  do  not  show  the  actual  amount  of  available  energy 
in  the  feed  or  ration,  but  only  that  it  is  proportional  to  the  fiber-free 
nutrients.  The  energy  of  the  latter  would  differ  considerably  from 
the  available  energy  as  computed  by  Zuntz  and  Hagemann's  method, 
first,  because  it  does  not  include  the  deduction  of  9  per  cent  for  di- 
gestive work;  and,  second,  because  it  assumes  a  uniform  value  of  zero 
for  crude  fiber,  while  Zuntz  and  Hagemann's  method  gives  the  crude 
fiber  a  negative  value  if  it  has  a  digestibility  of  less  than  55  per  cent. 
The  values  computed  according  to  Wolff's  method  from  the  fiber-free 
nutrients  are  therefore  considerably  higher  than  Zuntz  and  Hage- 
mann's figures. 


For  many  years  it  was  taught,  in  accordance  with  Buhner's  theory 
of  "isodynamic  replacement"  {compare  p.  72),  that  with  carnivora 
the  nutrients  were  of  value  in  proportion  to  their  content  of  metab- 
olizable energy.     Rubner's  own  later  investigations,'  however,  have 
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shown  tb&t  what  is  true  of  the  feeding  stuffs  consumed  by  horses  and 
cattle  is  also  true  of  nearly  pure  nutrients  fed  to  dogs.  With  these 
subjects  it  is  possible  to  use  the  fasting  state  as  the  basis  of  compari- 
son, which  considerably  simplifies  the  investigations.  The  experi- 
ments were  made  at  a  comparatively  high  temperature,  namely,  about 
33°  C,  a  fact  which  is  of  importance,  as  will  appear  later,  in  the  Inter- 
pretation of  the  results. 

An  experiment  in  which  nearly  enough  fat  was  fed  to  supply  the 
requirements  of  the  organism  for  energy  gave  the  following  results 
per  kilogram  live  weight,  stated  in  a  form  which  is  somewhat  differ- 
ent from  that  used  by  Rubner  but  which  in  substance  is  identical 
with  it : 

Avatlabtlily  of  energy  of  fat — Rubner. 
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This  result  appears  somewhat  remarkable  in  view  of  the  fact  that 
the  comparison  is  virtually  with  body  fat.  Literally  interpreted,  it 
means  that  the  energy  of  feed  fat  is  only  87  per  cent  as  valuable  as 
the  energy  of  body  fat  plus  a  little  protein.  If  this  be  true,  it  implies 
a  larger  expenditure  of  energy  in  the  digestion  of  fat  than  now  seems 
probable,  since  the  kataboUsm  of  resorbed  feed  fat  can  hardly  differ 
greatly  from  that  of  body  fat.  Rubner's  figure  is  the  result  of  a 
single  experiment  and  unfortunately  it  enters  into  the  computation  of 
all  the  other  results.  A  redetermination  of  this  factor  is  much  to  be 
desired. 

In  two  other  experiments,  lean  meat  nearly  equivalent  to  the  main- 
tenance requirement  was  fed.  The  meat  contained  a  small  amount  of 
fat,  the  average  metabolizable  energy  of  the  feed  per  kilogram  live 
weight  being  distributed  as  follows : 

Calories. 

In  protetn 56.70 

In  lat 4.95 
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Using  tlie  data  afforded  by  the  experiment  on  fat,  Uie  availability 
of  the  energy  of  the  protein  may  be  computed  as  follows: 

AvailitMlltv  of  energy  of  protein — Rabner. 
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The  difference  between  the  percentage  available  and  100  shows,  of 
course,  tlie  proportion  of  the  metabolizable  energy  of  the  feed  which 
was  expended  in  increasing  the  total  metabolism  as  measured  by  the 
heat  production.  This  increase  of  the  metabolism  of  the  body  is 
c-allcd  by  Rubner  the  "  specific  dynamic  effect "  of  the  several  nutri- 
ents. Rubner's  final  average  results  are  cootained  in  the  following 
table,  tt  should  be  clearly  understood  that  they  are  not  applicable 
to  the  "digestible  nutrients"  of  the  feed  of  herbivora. 


Average  araUabaUp— Rubner. 
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CATTSE8  OF  INCREASEO  METABOLISM. 


The  foregoing  paragraphs  have  dealt  with  the  fact  of  the  in- 
creased metabolism  and  consequent  heat  production  resulting  from 
the  ingestion  of  feed  without  considering  the  cause  of  the  increase. 
Two  explanations  of  it  naturally  suggest  themselves.  The  first  is 
that  the  greater  supply  of  the  various  nutrients  directly  stimulates 
the  metabolism  of  the  body  cells,  while  the  second  ascribes  the  in- 
creased metabolism  to  the  additional  expenditure  of  energy  required 
for  the  digestion  of  the  feed  and  its  preparation  for  metabolism  in 
the  actual  vital  processes.  The  latter  explanation  is  the  one  which 
has  been  generally  accepted,  although  by  no  means  without  dissent,* 

'  Compare  Hellner,  Zeltsdirin  lUr  Biologic,  vol.  48,  p.  14«  ;  vol.  BO,  p.  488. 
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and  the  expenditure  of  energy  for  these  purposes  has  been  somewhat 
loosely  and  perhaps  not  altogether  fortunately  designated  as  the 
"  work  of  digestion."  A  consideration  of  some  of  the  processes  con- 
nected with  the  consumption  of  feed  which  lead  to  the  liberation 
of  energy  may  serve  to  clarify  the  conception. 

UICBAHICAL  WOEK. 

DlgeMloD  reqnlree  more  or  lem  meclunlcal  work  In  tbe  prebeDBlon  and 
■nHetlcatton  of  tbe  feed  awj  In  moving  tt  through  the  dlgeistlve  orgnns.  In  thlx 
coiuectt^n,  too.  It  should  be  remembered  that  the  feed  in  tlils  sense  Includes 
the  wat«  as  well,  three  or  foar  parts  of  water  b^og  usually  consuiued  by 
berblvora  for  each  part  of  dry  matter  in  the  feed.  As  noted  on  p.  — ,  Zuntz 
and  Hagnuann  have  compared  the  metabolism  of  the  horse  while  eating  with 
that  of  the  same  aolmal  while  at  rest  and  computed  from  the  difference  the 
amount  of  energy  ezpoided  In  maetlcatlon.  The  following  recapitulation  of 
some  of  their  results  shows  the  number  of  calorlett  of  oiergy  exi>ended  In  the 
mastication  of  1  kilogram  of  the  material  named : 

CalorleB. 

Hay 1G7.Q 

Oreen  alfalfa 30. 4 

Oats 47. 0 

Maize 13.8 

Kellner  ^  has  Investigated  the  effect  of  the  grlndlni;  of  straw  upon  Its  value 
In  a  productive  ration.  He  finds  that  the  practical  ellDilnntloo  In  this  wiiy  of 
the  work  of  mastication  rednces  the  expenditure  of  energy  by  approximately 
0.66  calorie  for  each  gram  of  crude  fiber  present  In  the  straw. 

That  the  mov«nent  of  tbe  masticated  feed  through  the  digestive  tract  must 
also  require  an  expenditure  of  energy  Is  obvious,  but  uo  data  are  available 
as  to  Its  amount. 


Tbe  secretion  of  tbe  digestive  fluids  llkewU<e  requires  some  expenditure  of 
oieigy.  This  has  been  shown  by  direct  experloieot  to  be  true  of  the  salivary 
glands  and  the  pancreas  and  Is  also  true,  doubtless,  of  the  other  digestive 
glands.  Apparently,  however,  the  amounts  of  energy  thus  expended  are  com- 
paratively small. 

rEBUBNTATION. 

Tbe  extensive  fermentations  occurring  in  the  digestive  tract  of  berblvora 
result  In  a  considerable  evolution  of  beat  Tbe  most  Important  of  these  is  the 
loethane  fermentation.  Assuming  on  the  basis  of  Tappeiner's  results '  that  100 
grams  of  carbohydrates  yield  4.7  grams  of  methane  and  33.5  grams  of  carbon 
dloxld.  and  aMumlng  further  ttuit  two-thirds  uf  the  carbon  of  the  organic 
acids  produced  is  contained  in  acetic  acid  and  the  remainder  In  butyric,  it  may 
be  computed  that  the  heat  evolved  amounts  to  12.6  pet  cent  of  tbe  total  energy 
of  the  digested  carbohydrates  or  0.C23  calorie  per  gram.  It  should  be  noted 
that  this  estimate  does  not  r^er  to  the  potential  energy  carried  off  in  the 
methane,  but  to  tbe  beat  evolved  in  the  ferm^itation.  The  latter  is  t>art  of 
the  metabollzable  eiergy  of  the  cartKtbydrates,  since  It  Is  liberated  In  the 

e,  5tb  ed.,  p.  103. 
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kinetic  form  in  the  body,  bnt  aince  ft  takes  at  onc«  tbe  form  of  beat,  It  Lh  sot 
available  Mierg;  In  tbe  sense  In  wblcb  tbe  term  Is  bere  used. 

Tbe  same  general  conBlderetlonB,  of  course,  apply  to  tbe  otber  fermoitatioaB 
and  putrefactiona  wblcb  occur  In  the  digestive  tract,  bnt  tbelr  amount  In 
herblvora  Is  probably  amall  compared  with  that  of  tbe  methane  fenuentatlon, 
and  we  have  relatively  little  knowledge  regarding  then. 


It  Is  well  known  that  extensive  cleavages  of  tbe  feed  tnjn^edtents  occur  In  tbe 
digestive  tract  Tbe  nutrients,  by  tbe  action  of  tlie  digestive  fermenU^  are  B{dlt 
up  into  simpler  atomic  grouplnga — the  so-called  building  gtones  of  tbe  mole- 
cule— out  of  which  tbe  proteins,  carfoobydrates,  and  Cats  peculiar  to  tbe  animal 
body  are  built  up.  One  argummt  wblcb  has  been  brought  forward  In  the  past 
against  the  extensive  occurrence  of  such  cleavages  In  natural  digeetton,  espe- 
cially of  tbe  proteins,  has  becoi  tbe  teleologlcal  one  that  tbe  splitting  up  Into 
theefe  comparatively  simple  compounds  was  a  waste  of  valuable  nutritive  mate- 
rial. On  tbe  other  hand  these  proceeaes  have  been  Invoked  to  explain  tbe 
striking  effect  of  tbe  proteins  In  stimulating  the  metabolism — their  large  specific 
dynamic  effect,  to  use  Rnbner's  terminology.  So  far  as  tbe  peculiar  use  of  pro- 
ton In  tbe  body  is  concerned,  It  Is  well  establtsbed  that  Its  crystalline  cleavage 
products  can  be  resynthesiEed  to  form  protein.  It  Is  of  special  Interest,  there- 
fore, to  learn  that  tbese  cleavages  and  resyntbeses  are  apparently  nearly  Isotlier- 
mlc  processes.  Some  of  tbe  cleavage  products  of  protein  contain  more  potential 
energy  per  gram  than  protein  itself,  as,  for  example,  lencln,  with  6.S2&  calorlea 
per  gram,  and  tyrosln,  witH  5.916  calories  per  gram.  Others,  like  alanln,  with 
a  beat  of  combustltm  of  4.356  calories,  contain  but  little  less  energy  than  the 
protein  from  wblcb  they  are  derived.  Even  tbe  simplest  amino-acid,  glycocol, 
resulting  from  tbla  cleavage  bag  a  heat  of  combnstton  of  8.128  calories  per 
gram.  Tbe  Impression  wblcb  tbeoe  figures  give — that  but  Uttie  energy  Is  loet 
in  the  cleavage  of  tbe  proteins— Is  confirmed  by  direct  experirooits.  Loewl' 
found  the  dry  residue  of  the  tryptic  digestion  of  meat  to  bnve  an  energy  value  of 
4.6  calories  per  gram.  TangI,  Ijeogyel,  and  Uarl  *  found  tbe  products  of  tbe 
peptic  or  tryptic  digestion  of  egg  albumin  and  serum  albumin  to  contain  nearly 
or  quite  as  much  potoitlal  energy  as  tbe  original  protein.  Orafe'  has  made  arti- 
ficial digestions  of  protein  In  a  calorimeter,  and  found  no  noticeable  evolution 
or  absorption  of  beat.  It  seems  safe,  therefore,  to  r^ard  tbe  digestive  cleavage 
of  protein  as  at  least  a  nearly  Isotliermlc  process,  causing  little  loss  of  enei^y  In 
digestion. 

Substantially  tbe  same  thing  Is  true  of  the  digestive  cleavage  of  carbohy- 
drates and  fats.  Thus  1  gram  of  starch  yields  1.111  grams  of  dextrose,  and 
tbe  heats  of  combnstion  of  these  quantities  are,  respectively,  4.183  calories  and 
4.1G0  calories,  showing  a  loss  of  less  tb&u  0.6  per  coit.  One  gram  of  sncrose 
yields  0.5264  gram  each  of  dextrose  and  levnlose,  and  the  energy  values  are, 
respectively.  3.955  calories  and  3.947  calories,  or  a  loss  of  lees  tlian  OJ!  per  c«it 
go,  too,  1  gram  of  tristearin  with  a  heat  of  combastlon  of  9.43  calwles  yltids 
by  hydrolysis  0.0573  gram  of  stearic  acid,  eqnivalent  to  9.026  calories,  and 
0.1033  gram  of  glycerin,  equivalent  to  0.424  calorie,  or  a  total  of  9,45  calories. 

'  Leathee.     ProblemH  In  Animal  MeUboUsm,  p.  139. 

■ArchtT  tUr  die  scsammte  PbjnlolaKia  dea  Henachea  uad  der  Thlere  (Paoger),  vol. 
115.  p.  1. 

It  liber  die  Fortschrttte  der  Tier  Chemle,  vol.  3T.  p,  917. 
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The  cbemloal  reactions  taklog  place  during  the  so-called  lotermedlary  metabo- 
lism of  the  resorbed  material  before  It  Is  flnallf  utilized  for  tbe  vital  processea 
have  also  to  be  considered  aa  possible  sources  of  heat  production,  although  our 
present  knowledge  of  them  is  meager. 

This  possibility  is  of  special  interest  In  connection  with  the  martced  effect  of 
protein  on  the  energy  metabolism,  since  this  can  hardly  be  ascribed  to  digestive 
work  in  the  strict  sense.  In  the  normal  digestion  of  protein  fermentations  play 
a  very  small  part,  while,  as  Just  shown,  tbe  digestive  cleavage  of  protein  ia 
snbstantially  Isothermic.  Neither  can  we  Imagine  that  the  mechanical  work 
of  digestion  or  the  secretion  of  digestive  juices  can  account  for  the  large 
expenditure  of  energy.  Itubner '  has  reported  eii^rlments  In  which  the  protein 
katabollRQi  of  the  faatlng  animal  was  artificially  Increased  by  tbe  administra- 
tion of  pblorlUzln,  and  In  which  a  slnillar  Increase  In  the  heat  production  la 
computed,  although  there  eoufd  have  been  uo  digestive  work  lu  the  strict  sense. 
B^lta,  Grote,  and  StShleln'  have  found  that  the  products  of  the  tryptic  diges- 
tion of  casein  when  fed  to  a  dog  produce  nearly  as  great  an  increase  in  the 
metabolism  as  does  a  corresponding  amonnt  of  casein,  while  in  the  familiar 
experiments  of  Zuuti  and  Mering*  the  intravenous  injection  of  the  crude  prod- 
ucts of  the  peptic  digestion  of  blood  fibrin  bad  a  like  effect 

Tlie  katabollsm  of  protein  seems  to  consist  In  outline,  first,  of  a  hydrolytic 
cleavage  Into  peptlds  and  amino-aclds  and,  second.  In  a  deamldlzation  of  these 
latter  compounds,  and  It  is  the  nonnitrogenoua  prodncts  resulting  from  this 
deamldlsation  which  serve  as  a  source  of  energy  for  the  body,  the  nitrogen 
being  split  off  as  ammonia  and  excreted  as  urea.  Tt  Is  to  a  liberation  of 
energy  In  the  form  of  heat  in  these  preliminary  processes  of  preparing  protein 
to  serve  as  fuel  that  Rubner  and  other  authors  ascribe  Its  specific  dynamic 

Our  knowledge  of  the  Intermediary  metabolism  of  protein  is  too  meager  to 
render  any  quantitative  estimate  of  the  amonnt  of  energy  lost  In  this  way  of 
much  Talue.  The  cleavage  of  protein,  as  noted,  seems  to  be  substantially  Iso- 
thermic. Tbe  deamldlxatlon  of  the  simpler  amino-aclds  with  a  small  number 
of  carbon  atoms  seems  at  Drst  thought  to  Involve  considerable  loss  of  energy. 
For  example,  the  potential  energy  of  1  gram  of  glycocol  and  of  alauln  and  of 
equivalent  amounts  of  acetic  and  propionic  adds  are: 


aiyooool. 

Alsalo. 

3.12* 
2.  TBI 

CaOriei. 

iois 

A  similar  cmnparison  of  alanln  witb  the  equivalent  amonnt  of  tactic  acid 
shows  an  a^iarent  loss  of  about  14  per  cmt.  With  the  higher  members  of  the 
series,  tbe  loss  computed  tn  this  way  Is  relatively  small.  It  must  t>e  remem- 
bered, however,  that  the  amino  group  is  spilt  off  as  ammonia,  which  also  con- 

1  Ocaetae  dra  BarasleTerbraaclia  bel  der  ErnUinjiis. 
'BeltrllgF  lat  Cbemlschen  Phfalologle  und  Patholosle,  vol.  D,  p.  372. 
'ArchiT  tllr  die  gemmmte  Phjalolagie  des  Meaacbea  uad  der  Thiere  (Pflllcer},  vol.  32, 
p.  1&9. 
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tains  potential  energy  equal,  according  to  Ostwald.  to  3.319  calories  per  gram 
In  the  gaseous  state.  If  we  assume  that  the  alanln  rietds  lactic  add  with  a 
beat  of  combustion  of  3.7  calories  per  gram  we  may  make  the  following  com- 
parison :  .  , 

Calories.  CalorXa. 

Energy  of  1  gram  alanln 4.856 

Energy  of  1.011  grams  lactic  add— 3.742 

Energy  of  0.191  gram  ammonia 0.684 

4.376 

Dlffer^ice .020 

In  other  words.  It  would  appear  that  tbe  deeinldlxation  of  the  amino  adds, 
like  the  Hnte(«deiit  clenvaKe  of  the  protelna,  Is  n  nearly  isotbermlc  reaction  and 
that  we  must  seek  elsewhere  for  the  explanation  of  the  siKclflc  dynamic  effect 
of  protein.  We  can  by  no  meuns  assert,  however,  that  the  |>r(iteln  katabollsm 
actually  takes  place  according  to  this  simple  scheme,  nor  that  the  nounltn^- 
enous  substances  resulting  from  deamldlzatlon  of  the  amino  aclda  yield  tbelr 
energy  without  loss.  It  seems  not  unlikely  that  the  higher  fatty  adds  and  other 
non nitrogenous  derivatives  of  protein  are  broken  down  by  cleavage  and  other- 
wise to  comparatively  slmjile  molecules  before  tliey  are  flnnlly  oxidized,  and 
there  is  the  possibility  of  more  or  less  loss  of  energy  In  such  processes. 

As  already  indlcatwi.  Rubner  exjilalns  the  Hi)ei'lflc  dynamic  effect  of  protein 
from  (be  foregoing  |)olnt  of  view,  but  In  a  illtferent  manner.  It  has  been  stiown 
beyond  reasonable  doubt  that  sugar  Is  produced,  or  may  be  produced.  In  the 
katabollani  of  protein.  According  to  Rubner,  It  Is  only  the  energy  of  this  sugar 
that  is  capable  of  being  used  for  the  physiological  functions  of  the  body  cells, 
while  the  energy  set  froe  lu  the  ciinversion  of  protein  Into  angar  Is  liberated  as 
heat  and  constitutes  tbe  si>edflc  dyiuinilc  etfecl.  This  explanation  of  Rubner's, 
however,  seems  to  be  disproved  by  recent  results  reported  by  Lusk  and  Ringer.* 
They  have  shown  that  alanln  Is  completely  convertible  to  dextrose  in  a  diabetic 
aiiiuiai,  while  in  the  case  of  glutamic  acid  but  three  out  of  the  Ave  carbon  atoms 
of  the  molecule  are  utilized  for  the  production  of  dextrose.  According  to  Rub- 
ner's hypothesis,  therefore,  alanln  should  show  no  speclflc  dynamic  effect,  while 
glutamic  acid  should  show  a  considerable  one.  In  a  preliminary  communication 
I.usk*  regiortB  that  uelther  one  of  these  aiulno  acids  when  added  to  a  standard 
diet  Increased  the  excretion  of  carbon  dioxld  in  the  respiration.  This  result  Is 
In  striking  contrast  wltta  those  of  Fatta,  Grote.  and  St&blein  and  of  Zunts  and 
Mering  jurt  referred  to,  In  which  the  crnde  products  of  tryptic  or  peptic  diges- 
tion were  fed.  They  suggest  that  some  substance  other  than  the  recAgnissed 
anilno-adds  may  be  reaponsible  for  the  stimulating  effect  of  iiroteln  ui)on  metabo- 
lism, while  tbey  likewise  recall  the  fact  that  crude  ))eptones  have  been  found  to 
have  a  poisonous  effect  when  Injected  Intra  veiioiii'ly  while  pTirIfle<l  |>eptones  do 
not,  and  likewise  tbe  fact  that  In  Zuntz  and  Merlng's  ex[)erlmenls  purified 
r«ptone8  caused  no  Increase  in  the  metabolism. 

BXCBEtlON. 

Zuntz'  calls  attention  to  Barcroft's'  ex(>erimeuts,  whicb  show  that  tbe  excre- 
tory activity  of  the  kidneys  Is  accompanied  by  a  notable  increase  In  the 
amount  of  oxygen  consumed,  and  sees  in  tbe  work  thrown  on  these  organs 
by  the  elimination  of  tbe  nitrogen  of  protein  one  of  tbe  causes  of  Its  spedflc 

■Journal  of  the  Amprlcan  Chi-mical  fkM;lftj.  toI.  .12,  p.  OTJ. 

'  Proceedlnmi  of  Society  [or  EiprrlmeDtal  Biology  and  Hi^lclnr,  iniO,  vol.  T,  p.  13ft. 

rMpdlzlnwtip  Kllnik,   1910. 

•  EtgebDlase  der  PbyBlologle,  vol.  T,  p.  744. 
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dynamic  effect.  In  experlmentB  In  collaboration  with  Steck  he  fonnd  that 
a  marked  Increase  of  the  metabotlBm,  as  conipnted  from  the  nxyeen  coniiumed, 
followed  the  admin latrntton  of  ures,  itnd  Ilken-lso  of  sodlnm  cblorld,  to 
men  and  doga.  In  the  case  of  urea  he  eomputeB  (hat  the  elTect  was  equal  to 
20  to  25  per  cent  C^  that  of  an  equivalent  amount  of  protein.  Znntz  also  calls 
Htteutlon  to  earlier  ext)erlmentH  by  Nerlng  iiud  St-'hmoll  In  which  carbD- 
bydrates  added  to  the  ttli^t  of  a  dlubi^tlc  produced  a  alnillnr  Increase  of  metab- 
olism, although  the  sugar  was  not  usslmllntcd  but  excreted  unchanged.  Zuntss 
ascribes  the  results  obtained  by  Riibner  to  (lie  fact  that  pblorhlnln  added  largely 
to  the  Increased  excretory  work  required  by  the  elimination  of  tbe  nitrogen  and 
of  ttie  sugar  formed,  pointing  out  also  that  Rubuer  has  overestimated  the 
amount  of  beat  produced  through  failure  to  deduct  the  energy  of  the  sugar  ex- 
creted In  the  urlna  On  the  other  luiud,  In  Lusk'e  eKperlments.  Juet  quoted, 
there  was  an  tncrensed  excretion  of  urea  aubsequent  to  tbe  ndminlBtratlon  of 
amino  aclils,  but  no  Increase  in  the  ciirbon  dioxide  excreted,  while  Tangl '  finds 
that  the  Intravenous  injection  of  urea  or  sodium  cblorld  causes  an  Increase  In 
the  metatwiiam  even  when  tbe  kidneys  have  been  extiniated  or  clamped  off. 

On  the  whole,  U  can  not  be  said  that  any  fully  satisfactory  explana- 
tion has  yet  been  offered  of  the  effects  of  feed,  and  in  particular  of 
protein,  upon  the  metabolism,  although  certain  factors,  especially  in 
domestic  animals,  are  clearly  evident. 

But  whatever  explanation  we  may  accept — whether,  following 
Zuntz,  we  speak  of  work  of  digestion,  or,  with  Rubner,  avoid  any 
implication  as  to  the  cause  by  the  use  of  tlie  term  specific  dynamic 
effect — the  fact  that  the  metabolizabic  energy  of  different  feeding 
substances  is  not  equally  available  for  maintenance  is  established 
beyond  question,  and  it  is  this  fact  which  is  of  immediate  importance 
in  considering  the  energy  requirement  for  maintenance  and  the  main- 
tenance values  of  feeding  stuffs. 

THE    MAISTEKANCE    RATION. 

In  accordance  with  the  principles  laid  down  in  the  foregoing  para- 
graphs, a  maintenance  ration  as  regards  energy  may  be  defined  as 
one  which  supplies  available  energy  equal  to  the  fasting  katabolism. 

For  example,  in  Eubner's  experiment  cited  on  page  Si7,  in  which 
fat  was  fed,  the  fasting  katabolism  of  the  dog  was  51  calories  per 
kilogram.  Fat  containing  53.4  calories  of  metabolizable  energy  di- 
minished the  loss  of  body  tissue  by  4C.5  calories.  Evidently,  then, 
to  reduce  the  loss  by  54  calories,  that  is,  to  reduce  it  to  zero,  would 
hare  required  63.4X"4«'s— ^-^  calories  of  metabolizable  energy  to 
be  supplied  in  fat  The  same  thing  may  also  be  expressed  in  a 
sli^tly  different  way :  If,  as  there  computed,  only  87.08  per  cent  of 
the  metabolizable  energy  of  fat  is  available,  then  to  make  good  a  total 
Joes  of  64  calories  will  require  54r^-0.8708=62  calories  of  metaboliza- 

>  Btochcmlschs  ZeltMbrltt,  toL  S4,  p.  t. 
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ble  energy  in  fat.*  On  this  basis  we  may  compute  from  Rubner's 
final  averages  (p.  28)  that  to  maintain  the  dog  experimented  on, 
that  is,  to  make  good  the  loss  of  54  calories  of  energy  per  kilc^am, 
it  would  have  been  necessary  to  supply  per  kilogram  the  following 
amounts  of  metabolizable  enei-gy  in  the  materials  named : 

lu  meiit  protein 79.3 

In  gelatin  _ 78. 1 

la  fat 61. 9 

In  caue  sugar S7.3 

These  figures  afford  a  simple  illustration  of  the  fact  that  the  amount 
of  metabolizable  energy  required  for  maintenance  la  variable,  being 
greater  as  its  availability  is  less.  The  maintenance  requirement  of 
the  dog  was  54  calcH'ies  of  available  energy.  The  maintenance  ration 
needed  to  supply  this  varied  according  to  the  material  which  served 
as  the  carrier  of  tlie  energy. 

The  same  relatione  liold  good  for  farm  animals,  although  the  fact 
that  we  can  not  well  observe  their  fasting  katabolism  directly  makes 
the  computation  a  trifle  more  complicated.  As  an  example,  we  may 
take  the  experiment  on  timothy  hay  already  cited  on  page  20.  The 
addition  of  2.1  kilograms  of  timothy  hay,  equivalent  to  3.575  therms 
of  metabolizable  energ},  to  the  basal  ration  reduced  the  loss  of  energy 
from  the  body  of  the  animal  by  2.020  therms.  Evidently,  then,  to 
have  reduced  it  by  2.377  therms,  that  is,  to  zero,  would  have  required 

the  addition  of  2.1  X  ^  Yi9()  "  2-471  kilograms  of  the  hay,  equivalent 
to  4.207  therms  of  metabolizable  energy.  The  total  maintenance  ration 
of  this  particular  feeding  stuff,  then,  would  have  been  the  basal 
ration  plus  this  amount,  or  5.670  kilograms  of  the  hay,  equivalent  to 
9.894  therms  of  metabolizable  energy. 

The  same  result  may  also  be  obtained  by  the  use  of  the  percentage 
availability  as  computed,  viz,  56.5  per  cent  The  heavier  ration 
failed  to  maintain  the  animal  by  0.357  therms,  that  is,  it  lacked  this 
amount  of  available  energy.  To  supply  this  requirement  would  evi- 
dently demand  0.357-^0.565=0,632  therms  of  metabolizable  energy, 
which  added  to  the  9.2C2  therms  already  contained  in  the  ration 
gives  a  total  as  above  of  9.894  therms.  The  same  computation  can, 
of  course,  be  made  from  the  lighter  ration  with  the  same  results 

From  the  data  given  it  ia  likewise  possible  to  compute  what  the  loss 
by  the  body  would  have  been  had  it  been  practicable  to  withdraw  all 
feed.  The  basal  ration  contained  5.087  therms  of  metabolizable 
energj',  of  which  56,5  per  cent  was  available;  that  is,  the  basal  ration 
was  capable  of  preventing  the  loss  of  5.687X0.565=3.213  therms  frwn 

1  On  tbe  asHumptioD,  ol  course,  thai  tb«  effect  la  a  llDciir  tuDctlon  of  the  amoimt  of 
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the  body.  Had  the  basal  ration  been  entirely  withdrawn,  then  the 
loss  would  have  been  increased  by  this  amount ;  that  is,  the  total  loss 
would  have  been  3.213-|- 2.3 77 =5,590  therms.  The  same  quantity 
would,  of  course,  be  obtained  by  starting  from  the  heavier  ration 
or  from  the  maintenance  ration  as  computed  above.  The  fasting 
katabolism,  ivhich  can  not  well  be  determined  directly,  is  thus  ob- 
tained by  computation.  In  other  words,  this  stetr  expended  daily 
5.590  therms  of  energy  in  the  maintenance  of  his  necessary  vital  proc- 
esses aside  from  those  connected  with  the  digestion  and  assimilation 
of  his  feed.  This  was  his  maintenance  requirement  as  defined  in  the 
foregoing  paragraphs,  and  an  amount  of  the  clover  hay  which  was 
capable  of  supplying  this  quantity  of  available  energy,  viz,  5.670 
kilograms,  was  a  maintenance  ration,  while  on  smaller  amounts  he 
drew  upon  his  body  tissues  to  cover  the  deficiency. 


syf  c^ 
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be  conveniently  represented  graphically 


All  these  facts  may  als< 
as  follows: 

If  on  the  two  eoordlnnte  axm  of  figure  1,  we  let  tbe  horlEontal  distances 
represeat  tbe  tnetabolizable  energ7  of  the  feed  aad  the  vertical  dietances  the 
gain  of  energ;  by  the  body  <if  the  au[iual,  the  results  of  the  two  experimeuts  Just 
referred  to  moy  be  repreeenlrtl  by  the  points  A  and  B,  the  distances  OE  (equal 
to  S.687  therms)  and  OF  (eQiinl  to  9.262  therms)  representInK  the  amounts  of 
metabolizoble  energy  lu  the  two  rations  and  the  dlstaiices  TS^  (equal  to 
—2.377  therms)  and  FB  (equal  to  —0.307  therm)  the  corresponding  (negative) 
gains  of  energy  by  tbe  animal.  A  straight  line  drawn  through  A  and  B  and  In- 
tersecting the  two  axes  at  U  and  C  will  then  represent  the  relation  between  tbe 
supply  of  metabollzable  energy  In  the  feed  and  the  grain  by  the  body  of  the 
anlmnl.'  Tbis  relation  may  also  be  expressed  analytically  by  the  equation 
y^ai—m.  In  which  f»=OD  (equal  to  5.590  therms)  will  reiirenent  tbe  com- 


BBamlDs  that  IhU  ia  a  linear  tanetloD. 
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initnl  fasting  kataboltstu  and  a  tlie  taiigeut  of  the  itngin  between  AB  and  tlie 
borimnial  axis  l«inallng  In  tbia  case  0.56G).  or  il)t>  iM-rcentage  avalhibillty, 
wblle  OC  (eqiial  to  0.N94  therms)  Is  tbe  mnintenimce  rntlan  lu  terms  of  tbe 
metnbollznbte  energy  of  tbLe  particubir  hay. 

The  fa.sting  katabolism  being  a  constant  quantity  under  like  con- 
clitiona,  it  follows  that  an  amount  of  any  feed  capable  of  supplying 
5.590  therms  of  available  energy  would  liave  been  a  maintenance 
ration  for  this  animal.  It  is  clear  then  that  the  actual  weight  of 
feed  required  for  maintenance  will  vary  inversely  as  the  availabil- 
ity of  its  energy.  With  this  particular  hay,  it  would  have  been  nec- 
essary to  use  an  amount  containing  Q.SOi  therms  of  metabolizable 
energ>'.  With  the  timothy  hay  used  in  an  earlier  experiment,  how- 
ever, C2.9  per  cent  of  whose  metabolizable  energy  was  found  to  be 
available,  corresponding  to  the  line  DG  in  figure  1,  it  would  have 
been  necessary  to  use  a  quantity  containing  only  5.590-^0.629= 
B.888  therms,  represented  in  tlie  figure  by  OG,  in  order  to  supply 
the  requisite  available  energy  and  secure  maintenance.  On  the  other 
hand,  with  a  coarser  forage  having,  e.  g.,  an  availability  of  only 
45  per  cent,  represented  by  DH,  it  would  have  been  necessary  to 
supply  5.590-^.45—12.420  therms  of  metabolizable  energy,  repre- 
sented in  the  figure  by  the  line  OH.  Just  a^  was  illustrated  pre- 
viously in  the  case  of  the  dog,  while  the  real  requirement  of  ensrg^' 
for  the  vital  processes  remains  unchanged  the  amount  of  feed  nec- 
essary for  maintenance  is  variable,  depending  upon  the  availability 
of  its  energy. 

If  with  Zuntz  we  regard  the  increased  katabolism  consequent 
upon  taking  feed  as  representing  energ}'  expended  in  its  digestion 
and  assimilation,  we  may  state  the  case  in  a  slightly  different  way. 
We  may  compare  the  work  thus  done  to  the  work  of  placing  the  fuel 
under  a  factory  boiler.  If  this  is  done  by  means  of  power  derived 
from  the  same  boiler,  it  is  evident  that  the  farther  the  fuel  has  to 
he  moved  and  the  greater  the  amount  of  incombustible  waste  which 
it  contains,  the  larger  will  be  the  fraction  of  the  total  boiler  power 
required  simply  to  keep  the  fire  going  and  the  less  the  proportion 
available  for  running  the  factory.  So  in  the  body,  the  greater  the 
amount  of  energj'  which  must  be  expended  on  the  food  in  order  to 
prepare  it  for  its  functions  in  the  body  the  leas  is  the  proportion  of 
its  energy  which  is  available  for  carrying  on  the  physiological 


RELATION    OF    MAINTENANCE    REQUIREMENT    TO    LI\'E    WEIGHT. 

Before  taking  up  the  specific  maintenance  requirements  of  farm 
animals,  it  is  necessary  to  consider  the  influence  of  size  and  weight 
upon  the  maintenance  requirement. 
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That  large  animals  katalMilize  more  matter  and  produce  more  lieat 
than  smaller  ones  requires  no  special  proof.  Experiment  showii, 
however,  that  the  difference  is  not  proportional  to  size  or  weight, 
but  that  small  animals  have  a  relatively  more  intense  metabolism 
than  large  ones,  the  amount  being  approximately  proportional  to  the 
lK«ly  surface,  which,  of  course,  is  relatively  greater  in  the  smaller 
animal.  The  existence  of  such  a  relation  whs  surmised  by  various 
writers,  but  we  are  indebted  to  Rubner'  for  the  first  quantitative 
investigation  of  this  question.  He  determined  the  fasting  kalabolism 
of  six  dogs  whose  weights  ranged  from  '\  to  24  kilograms.  With 
the  addition  of  earlier  experiments  by  Voit  on  a  still  larger  dog. 
the  average  results  were  ns  follows,  the  total  katabolism  being  ex- 
pressed in  terms  of  compiiteil  energy. 

Relatioa   of  fantiag   kntahnlvoa    In   irriglit   and   to   nurfad—K^bitfr  and    Voit, 


.... 

:.,„™,. 

KilM,        Cabriit.       Calotk: 

While  not  matliemalically  constant,  the  ratio  between  the  fasting 
katabolism  and  the  surface  shows  a  close  approximation  to  uni- 
formity, and  the  same  fact  has  been  verified  by  a  considerable  num- 
ber of  subsequent  experiments.  Moreover,  it  has  been  shown  ^  to 
be  approximately  true  not  only  of  animals  of  the  same  species,  but  of 
animals  ranging  in  size  from  man  to  domestic  fowls,  and  including 
also  cold-blooded  animals.  A  recent  investigation  by  Kettner  ■  upon 
13  guinea  pigs  furnishes  a  striking  ilhistmtion  of  this  general  uni- 
formity. 

Buhner  explains  the  apparent  dependence  of  the  fasting  katabolism 
on  body  surface  as  the  consequence  of  the  loss  of  heat  from  the  body 
due  to  the  cooling  action  of  the  environment,  which  would  naturally 
be  proportional  to  the  surface.  The  fact,  howt\er,  that  not  incon- 
siderable variations  have  sometimes  been  observed  indicates  that 
other  factors  than  the  elimination  of  hent  are  conceme<l,  and  appar- 
ently the  true  cause  lies  deei>er.  Not  merely  the  heat  production  but 
all  the  important  physiological  activities  of  the  Ix>dy,  including  tlie 
expenditure  of  energy  in  locomotion,  seem  to  be  proportional  to  tiie 

I  KcltKhritt  fUr  BIoIokIp.  vol.  19.  p.  firlS. 

'B.  Vott.    Zeltfwhrlft  rOr  Blologle,  vol.  41,  p,  lia. 
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body  surface  rather  than  to  the  weight,  while  the  fact  that  the  same 
law  holds  true  for  cold-blooded  animals,  which  assume  the  tempera- 
ture of  their  surroundings  and  which,  therefore,  are  subjected  to  no 
demand  for  heat,  points  in  the  same  direction.  Apparently  we  have 
here  a  general  biological  law  of  which  the  proportionality  between 
heat  production  and  body  surface  is  one  expression. 

The  internal  work  of  the  animal,  however,  as  measured  by  the  fast- 
ing katabolism  or  the  fasting  heat  production,  constitutes,  as  we  have 
seen,  its  maintenance  requirement.  The  maintenance  requirements  of 
animals  of  different  sizes,  therefore,  especially  of  those  of  the  same 
species,  are  proportional  to  their  surfaces. 

COIIPDTATION  OF  KBL&TIVE  BODY  BUKTACC 

Few  actual  determinations  of  the  body  surface  of  animals  have 
been  made  and  almost  none  for  farm  animals,  so  that  it  is  at  present 
impossible  to  expr&ss  with  accuracy  the  metabolism  of  the  latter 
animals  per  unit  of  surface.  For  purposes  of  comparison  between 
individuals  of  the  same  species,  however,  another  method  serves  to 
give  nt  least  approximate  results.  It  is  a  familiar  geometrical  fact 
that  the  surfaces  of  two  solids  of  the  same  shape  (i.  e.,  similar  Sgures 
in  the  geometrical  sense)  are  proportional  to  the  two-thirds  powers 
of  their  volumes.  By  regarding  all  animals  of  the  same  species  as 
of  the  same  shape  and  also  as  having  the  same  specific  gravity,  so 
that  their  weights  are  proportional  to  their  volumes,  it  is  a  very 
simple  matter  to  compute  their  relative  surfaces  and  the  correspond- 
ing maintenance  requirements.  For  example,  a  steer  weighing  583 
kilograms  was  found  to  have  a  computed  fasting  katabolism  (i.  e., 
maintenance  requirement)  of  8.671  therms.  A  steer  weighing  500 
kilograms,  other  things  being  equal,  would  have  a  maintenance  re- 
quirement in  proportion  to  its  smaller  surface.  The  latter  would  be 
to  the  surface  of  the  larger  animal,  approximately,  as  (500)'  is  to 
(583)1  and  the  maintenance  requirement  would  therefore  be  8.671 

x{cUo/'=^-878  therms.  In  this  way  it  is  a  simple  matter  to  com- 
pute the  relative  maintenance  requirements  of  different  individuals 
without  the  necessity  of  expi-essing  them  per  unit  of  surface. 

Of  course,  such  a  comparison  is  only  approximately  correct.  In 
the  first  place,  it  may  be  presumed  that  there  are  differences  in  the 
specific  gravity  of  different  individuals,  although  it  may  be  doubted 
whether  these  differences  are  sufficiently  great  to  be  of  much  sig- 
nificance in  this  connection.  Moreover,  different  animals  are  not  of 
the  same  shape.  The  young  animal  differs  in  conformation  from  the 
older  one,  and  the  beef  steer  and  the  dairy  cow,  for  example,  are  far 
from  being  geometrically  similar.  It  would  be  of  much  interest  to 
determine  the  relation  of  surface  to  weight  in  different  species,  types, 
and  ages  of  domestic  animals,  but  lacking  such  determinations  the 
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method  of  computation  above  outlined  may  probably  be  assumed  to 
give  a  fair  approach  to  the  truth  and  is  at  any  rate  the  only  one 
available. 

THE   MAINTENANCE   BATION8  OF    FARM    ANIHAU. 

In  endeavoring  to  formulate  the  maintenance  rations  of  farm 
animals  it  is  important  to  have  a  clear  conception  of  the  nature  of 
the  problem  and  to  distinguisli  between  its  physiological  and  its 
economic  a^>ects.  The  physiological  conception  of  the  maintenance 
requirement  is  the  amount  of  energy  required  to  carry  on  the  abso- 
lutely necessary  vital  processes  in  a  state  of  the  most  complete  rest 
possible.  It  is  the  least  amount  on  which  life  can  he  sustained; 
the  physiological  minimum ;  the  base  line  for  comparison.  In  actual 
practice,  no  such  state  of  complete  rest  can  be  maintained  for  any 
length  of  time.  There  is  necessarily  superadded  to  the  minimum 
physiological  requirement  the  energy  expended  in  a  variety  of  ways, 
but  especially  In  the  numerous  minor  muscular  movements  which  are 
unavoidable  in  the  waking  state,  which  may  be  summarized  under 
the  term  incidental  work.  Some  of  the  factors  of  this  incidental 
work  are  discussed  on  subsequent  pages.  Physiologically,  this  addi- 
tional energy  is  expended  for  production ;  the  animal  is  doing  work 
on  its  surroundings.  Economically,  however,  the  work  done  is  of 
Qo  value  and  the  energy  required  to  do  it  is,  therefore,  from  that 
point  of  view,  a  part  of  the  cost  of  maintenance.  In  practice,  of 
course,  it  is  not  the  physiological  butlhe  economic  requirement  which 
is  of  importance.  The  latter  will  necessarily  be  more  or  less  variable 
according  to  the  individuality  of  the  animal  and  the  conditions 
under  which  it  is  maintained,  as  will  appear  in  the  following  dis- 
cussion, and  statements  of  maintenance  requirements  and  rations 
should  therefore  indicate  to  such  a  degree  ns  is  possible  the  conditions 
to  which  they  are  intended  to  apply. 


The  maintenance  requirements  of  cattle  have  been  more  exten- 
sively studied  than  those  of  other  species  and  it  will  be  convenient 
to  take  them  up  first,  u^ng  the  data  also  as  a  means  of  illustrating 
the  principles  involved  and  the  methods  of  investigation  employed. 

The  estimate  of  the  maintenance  ration  of  cattle  long  current 
and  still  occasionally  cited  was  based  upon  the  investigations  of 
Henneberg  and  Stohmann  ^  in  1858.  According  to  their  results,  a 
1,000-pound  steer  required  for  maintenance  about  8.1G  pounds  of 
digestible  organic  matter  per  day,  equivalent  to  about  14.3  therms 
of  metabolizable  energy.     In  view  of  the  rather  high  stable  tem- 

■  BeltrSse  iqt  BegrOndiuis  eloer  ratlonellcD  Fattening  dtr  Wlcd?rkftaer,  Ilelt  I, 
pp.  17-188. 
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perature  in  these  experiments,  however,  Wolff'  when  formulating 
his  well-known  feeding  standards  increased  this  amount  to  9.1  pounds 
digestible  organic  matter,  equivalent  to  about  15.9  therms  of  meta- 
bolizable  energy.  Numerous  subsequent  experiments,*  however, 
showed  quite  clearly  that  this  estimate  was  considerably  too  high 
but  without  affording  a  sufficient  basis  for  its  correction,  and  it  is 
only  since  1898  that  really  satisfactory  data  have  been  secured. 

One  general  method  of  experimentation  has  already  been  illus- 
trated in  the  computation  on  pages  34^35  of  the  maintenance  require- 
ment of  a  steer.  In  brief,  it  consists  of  comparing  the  losses  of  body 
energy  by  the  animal  when  fed  two  different  amounts  of  the  same 
feed  or  combination  of  feeds,  each  being  less  than  the  maintenance 
ration,  and  computing  from  the  difference  the  amount  of  energy 
required  for  simple  maintenance. 

Investigations  by  Arm^b}'  nnd  Fries'  include  eight  trlnls  witb  three  different 
animals  BubGtniitlnlly  upon  this  ]>Uui.  In  the  later  experiments  of  tbe  series 
a  correction  was  made  for  dilTereuces  In  live  welgbt  In  tbe  different  periods 
of  each  esperlment  and  for  dlfferenct^  lu  the  aiuouut  of  time  s|>ent  standing 
and  lying,  the  resnlts  being  comiiuted  to  12  bours  standi!^.  The  results  here 
given  for  tiic  earlier  e.^|ierhiienls  biive  been  corrected  lu  the  same  manner 
and  therefore  differ  somei\'hat  from  those  originally  rejiorted.  Tbe  follow- 
ing (abuliillon  of  tbe  results  Khowa  nlRO,  for  com]>arlHou.  tbe  i>ercentage  avail- 
ability of  tbe  nietubollzable  energy  of  the  feed  and  likewise  the  maintenance 
ration  esiirentwd  iu  terms  of  metabollzable  energy.  The  results  In  every  ease 
have  been  computed  to  a  imlforni  live  weight  In  proportion  to  the  two-tblrda 
power  of  tlie  weiRht.  It  Is  to  be  nwted  Ibat  the  experlmeiita  are  ti|Kin  coarse 
fodder  (clover  and  timothy  hay)  exclusively,  iind  that  the  animals  were  not  fat. 
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'Burcnu  ol  .\hliiiQl  Indu.sfry.  Itulletlna  74,  101,  nnd  12S,  Th<?  ivbuIIs  reported  in 
Bulletin  No.  SI  cnn  not  be  computed  directly  In  ihlB  way  because  tbe  ration  Included  b, 
■mall  OTcd  smonnt  at  linseed  meal.  .  . 
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Omitting  the  results  of  the  year  1904,  ^vblch  ore  obviouely  too  blgb  botb  as 
regards  tbe  malntenaiice  requlremait  aad  tbe  perceatage  availability,  we  ob- 
tala  tbe  following  arerageB  Id  rouad  numbers: 

Av«ttobl«    "'S,^"'- 


Tbe  Tarlatloiis  from  tbese  averages  which  occur  lu  Individual  cases  Illus- 
trate the  fact,  already  pointed  out.  that  the  economic  as  distinguished  from 
the  physiological  requirement  may  vary  considerably  with  different  autmala 
and  under  dlfCereit  conditions. 

The  experiments  just  cited  are  the  only  ones  thus  far  reported  in 
which  this  precise  method  of  determining  the  maintenance  require- 
ment in  terms  of  available  energy  has  been  followed.  In  the  major- 
ity of  investigations  the  effort  has  been  to  feed  as  nearly  an  exact 
maintenance  ration  as  possible,  making  a  correction  for  the  small 
gains  or  losses  by  the  animals,  and  the  results  of  these  experiments 
have  usually  been  expressed  in  terms  of  metabolizable  energy, 

By  far  the  tuoat  exact  aud  satisfactory  c\perlmeiits  of  this  sort,  its  well  as 
the  earliest,  are  those  reixirted  by  Kelluer  from  the  Moeckeru  ICxperluient 
StatloD'  In  18&4  and  1S90,  In  which  the  gain  or  loss  of  protein  mid  fut  (nitro- 
gen and  carbon  balances)  was  determined  by  means  of  a  Pt'ttenkofer  respira- 
tion apparatus.  In  these  exiwrlments  ihe  feed  conslaled  pxcliisiiely  of  course 
fodder,  viz,  meadow  hay,  or,  in  two  Instances,  a  mixture  of  clover  bay  aud 
uat  straw.  Id  six  cases  out  of  the  eight  the  respiration  cxi>erlnieuts  showed  a 
•small  gain  of  protein  and  fat  by  the  animal;  that  is,  the  ration  was  somewhat 
above  the  maintenance  requirement.  For  example,  the  gains  by  ox  A  on  nieiidow 
hay  and  the  computed  equivalent  auiounlB  of  eziergy  were; 


In  later  inveBtlgatlons  by  Kellner.  out  of  100  units  of  metabolizable  energy 
of  meadow  hay  supplied  In  excess  of  the  uialnteuancc  requlreoieut.  only  43 
were  recovered  in  the  protein  uud  fat  gained  by  the  body.  To  produce  the  gain 
observed  in  this  eiperiment,  therefore,  may  be  computed  to  bave  required 
1.549-HJ.43  =3.602  therms  of  metabolizable  energy  and  the  ration  must  have  con. 
tained  this  amount  In  excess  of  the  maintenance  ration.    Tbe  following  ca1cu> 
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latlon,  therefore,  shows  the  amount  of  metabolluible  energy  of  meadow  bay 
wblcb  was  uecessar;  for  the  mnlntenance  of  the  animal : 

Energy  of  feed 1 32.177 

fbergy  of  fecea 11.760 

Energy  of  nrln 1.  &4B 

Energy  of  methane 2.114 

Energy  of  total  excreta . 15.809 

MeUboIlzable  energy  of  ration 16.368 

Metabollzable  energy  equivalent  to  gain 3.602 

MetaboUzable  energy  for  maintenance 12.766 

Tbls  method  of  computing  ibe  metabollzable  energy  necessary  for  maintenance 
Is  obviously  the  same  In  principle  as  that  employed  in  Armsby  and  Frtes's 
exp^lments,  dlfferln{;  only  in  the  fact  that  the  comparison  Is  made  on  amountii 
of  feed  exceeding  the  maintenance  ration.  Kellner's  results,  however,  can  not 
be  made  the  basis  of  a  direct  computation  of  the  available  energy  required  for 
malntraiance,  since  it  appears  probable  that  a  larger  percentage  of  the  en«^ 
of  hay  Is  available  below  the  point  of  maintenance  than  Is  utilised  tor  gain 
above  it.' 

In  two  cases  <oz  B  and  ox  IV)  the  rations  were  leu  than  the  maintenance 
ration  and  the  animals  lost  more  or  less  protein  and  fat.  In  computing 
these  experiments  Kdlner.  In  accordance  with  the  ideas  then  generally  ac- 
cepted, simply  added  the  energy  equivalent  to  the  loss  of  tissue  to  the  total 
metabollaable  energy  of  tbe  feed  to  obtain  the  maintenance  ration.  It  Is  evi- 
dent, however,  from  what  baa  subsequently  been  learned  regarding  the  avail- 
ability of  metabollzable  enei^,  as  outlined  In  the  fore^lng  paragraphs,  that 
If,  for  example,  ox  B  lost  tissue  equivalent  to  1.498  therms  It  would  have 
required  more  than  tbls  amount  of  metabollzable  energy  in  the  food  to  make 
good  the  loss,  the  quantity  necessary  dep^idlng  upon  the  availability  of  the 
energy.  Of  the  latter  we  have  no  determinations  for  this  particular  ration,  bnt 
for  purposes  of  computing  a  correction  we  may,  perhaps,  aaaume  it  to  be  the 
same  as  that  found  by  Armsby  and  Fries  for  timothy  hay,  viz.  about  87  p» 
cait  On  this  assumption  the  equivalent  amount  of  metabollzable  energy  which 
would  have  had  to  be  supplied  to  reach  the  maintenance  ration  of  ox  B 
would  have  been  1.408+0.57=2.628  therms,  a  difference  of  I.ISO  therms.  For  ox 
IV  the  corresponding  correction  la  only  0.740  therm. 

Making  these  slight  changes  In  Kellner's  original  tlguree  for  these  two 
animals  for  the  sake  of  uniformity,  his  results  are  as  follows : 

'Compare  Bullelln  1-2S.  Bureau  of  Animal  Iniliutrr,  p.  Sfl. 
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Tbe  obBcrred  maintenance  ration  of  ox  B  Is  notably  larger  than  tbat  ot  the 
other  animals.  This  aolmal  reraaad  to  lie  down  dnrlDg  the  respiration  ezperl- 
mentfl  and  preaoinablr.  therefore,  the  result  obtained  with  it  is  abnormally  high. 

Omitting  this  result,  the  maximum,  minimum,  and  average  maintenance 
rations  per  1,000  ponnds  lire  weight  were : 


It  we  are  Jnstlfled  in  asgumins,  on  the  basis  of  Armaby  and  Fries's  results, 
that  approximately  ST  per  cent  of  the  metabollzable  energy  of  these  rations 
was  available,  tbei  tlie  foreftoing  amounts  of  metabollzable  energy  are  equiva- 
lent to  the  fallowing  amounts  of  available  energy ; 

Compuleil  ai:atlable  enrrgy  required  for  maintcnancr  of  cattle — KrUncr. 
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Both  the  averages  and  tbe  raoge  of  tbe  reaulta  obtained  by  Kellaer  and  b.v 
Armsby  and  Fries  for  tblD  cattle  aa  coarse  fodder  show  n  remarkably  rlost- 
iigreenient.    Tbe  results  upon  fat  cattle  will  be  considered  od  sabseqnent  pafEes. 

In  addition  to  the  respiration  experiments  just  considered,  a  num- 
ber of  live-weight  experiments  upon  the  nmintenanee  ration  of  cattle 
have  been   reported.  . 

Sttcli  trials  were  made  by  tlie  writer  nt  tbe  Pennsylvania  Experiment  i^ta- 
tlon '  lu  18112  to  1897,  tbe  feed  belnx  eltber  chiefly  or  entirely  coarse  fodder. 
The  live  weight  was  taken  dally  durln);  relatively  long  jwrlods  and  tbe  nl(ro);eu 
lialaucc  wi!S  also  determined,  nud  from  these  diita  an  apiiroxliuate  coui|>u(ntU>u 
ot  tbe  lo88  of  fat  was  attempted.  The  amount  of  methane  excreted,  and  Uie 
correRpoudlitg  loss  of  nietabollziible  enen^,  wiis  calculiited  from  llie  total  carbo- 
hydrates d  I  gesteil.  ComputInK  tbeflnal  results  on  the  same  assumptions  as  In  tbe 
Mot«kem  experiments,'  tbe  results  of  4  exrcrimeiitB  eiich  on  3  animals  weighing 
from  400  to  500  kilograms,  computed  per  500  kilograms  live  weight,  were: 
itctaboUialtle  cncryy  in  mainli-nam'c  rationg  of  steers — .irnixhii. 
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AssumlnK,  as  before,  tbtit  about  57  iier  cent  of  tbe  metahollznbie  enerjry  was 
available,  and  omitting  the  two  apparently  exceptional  results,  tbe  masimum, 
minimum,  and  average  results  are; 
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Tbe  results  on  coarse  fodders  are  materially  higher  than  tbone  of  the  respira- 
tion experiments  Just  cite<l,  but  the  method  Is.  of  course,  mucb  less  accurate. 

Haecker'  reiwrts  deteruiinations  of  the  maintenance  rations  of  dry  cows  made 
In  three  enccesslve  years  and  in  which  three  different  aninials  were  used.  In 
these  experiments  tbe  nutrients  dlKCStol  were  determined  directly  and  tbe 
Rufflclencj  of  the  ration  judged  of  from  tbe  live  weight  and  a|i))earHnce  of  tbe 
iinlmals.     Results  obtained  by  Keilner'  nnd  by  Armsby  and  Fries'  shuw  that 


'  Pennsylvania  Expprlmfnt  Slntion.  riiillrtln  ■ 
'This  differs  samewhnt  from  1li<>  motliud  of  a 
'  tho  eiperlmenix, 

'Minnesota  Eiperimwit  StBtlon.  RulleHn  73, 
'Die  LandwIrlscliBtHlchpQ  Vpisiiclm-Stntlonrn,  vol.  03.  | 
'nutCHU  of  Anlmnl  Industry,  Bulletins  SI.  74,  101,  uid 
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the  nietabollzable  eaergj  does  not  vary  greatly  from  1.6  tlierma  per  jxiuud  (3.5 
themiB  per  kilt^ram)  of  total  digestible  organic  matler,  even  in  tatlous  difTerlng 
widely  as  to  the  kinds  of  feed  used.  From  the  data  regarding  tbe  digestible 
matter  of  tbe  ratlous,  tberefore,  the  equivalent  amounts  of  metatHJilzable  energy' 
may  be  estimated  on  this  busU.  Computing  tbe  results  per  1,000  i>ouudB  in  pro- 
portion to  the  two-tblrds  i>ower  of  tbe  live  weight.  Instead  of  directly  as  does 
Haecker.  the  resultH  are  as  follows: 


Slaintenance  rations  of  dry 
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In  the  flrst  jearn  exiieriments  the  umonnt  of  digestible  protein  fed  was  small 
and  the  condition  and  appearance  of  the  animals  were  not  Bnttsfactory.  In 
tbe  second  and  tblrd  years  the  rations  were  richer  In  protein,  n  sllgbt  gain 
in  live  weight  was  made,  and  the  condition  of  the  animals  was  entirely  satis- 
factory at  the  close  of  the  experiment.  Since  Borne  gain  was  made  Id  tbe 
second  and  third  years  the  amount  consumed  was  naturally  somewliat  larger 
than  tbe  first  year.  Tbe  proportion  of  grain  to  coarse  fodder  la  the  rations 
is  not  stated,  but  the  results  of  the  digestion  trials  indicate  that  It  must  bove 
been  small.  If  we  assume  00  per  cent  a vn liability,  the  computed  available 
energy  of  tbe  rations  [ler  1,000  pounds  live  weight  is: 

Maximum 0,  43 

Minimum 5. 30 

Average  of  all 5.71 

Tbe  results  as  tbus  computed  run  materially  lower  than  those  obtained  at 
Moeckem  and  at  tbe  PeunsylvaulB  station,  in  spite  of  tbe  fact  of  a  gain  in  live 
weight. 

Srrard '  fed  three  yearling  steers  for  60  days  and  one  for  302  days  on  rations 
so  adjusted  and  varied  as  to  very  exactly  maintain  tbeir  live  weight,  the  average 
daily  gain  or  loss  being  practically  negligible.  The  experiment  In  the  case 
of  the  flrst  three  animals  followed  a  30-day  period  in  which  a  submalntenance 
ration  was  fed  and  the  animals  were  tberefore  only  in  medium  condition.* 

The  rations  fed  differed  from  those  of  tbe  experiments  previously  quoted  in 
containing  a  much  larger  proportion  of  grain,  consisting  of  4  parts  by  weight 
«f  alfalfa  hay  and  10  parts  of  mixed  grain.*    Evvard  computes  the  available 

'  Ttaesia  for  defret  ot  M.  S.,  nnlversltr  of  Mluourl.  1909. 

'  The  gnimala  graded  Id  the  malotenuice  period  ■■  tollowa  :  No.  900,  eommoD  ; '  No.  EOS, 
ctonmoD  :  No.  5M,  good  to  medllim ;  No.  S9S,  medium. 

■  Klgbt-Dlnth*  ton  chop  aod  ane-nlntli  old  procen  llnwed  meal. 
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energy  of  the  ratlona  conanmed  trom  the  data  given  in  Bulletin  71  of  the  Peon- 
sylvania  station  with  the  following  results: 

Uainteitance  rations  of  yearUno  tteera — Bvvari.     IFint  expeHmenl.) 
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In  addition  to  the  uncertainty  attaching  to  Buch  live-weight  experim^its,  as 
well  aa  to  the  fact  that  the  available  energy  was  eetlniatei],  there  la  alao  a  epedal 
difficulty  In  determining  the  true  maintenance  requlrenieut  of  growing  animals, 
which  will  tte  referred  to  later.  Nevertheless,  the  results  appear  to  agree  fairly 
well  with  those  obtained  In  the  resplratlcm  calorimeter  experiments. 

The  metabollzable  energy  of  the  rations,  also  comiiuted  from  the  data  given 
In  Bulletin  71  of  the  Pennsylvania  station,  Is,  on  the  other  hand,  lower  than 
that  found  lu  eltlier  the  Pennsylvania  or  the  Moeckern  experiments,  although 
agreeing  well  with  Haecker's  results  ou  dry  cows.  viz.  per  1.000  pounds  live 
weight : 


No.  C!)0- 
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8.57 
9.63 
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9.54 


Evvard's  first  three  animals  were  also  fed  a  maintenance  ration  of  the  same 
feeds  In  the  same  proportions  for  120  days  after  having  been  previously  fed 
heavier  rations  for  127  dnj'S,  during  which  Jio.  D90  received  iiliout  one-fourth  of 
full  feed,  No.  59R  about  one-half,  and  No.  G86  full  feed.  I'he  results  of  thta 
Recond  malutenaiice  [)eriod  are  summarized  In  the  following  table: 

Jiaintcnancf  rations  of  yearling  sle<r» — Eward.     (Second  experiment.) 
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The  data  contained  in  the  foregoing  pages  may  be  summarized  in 
the  following  table  showing  the  maximum,  minimum,  and  average 
maintenance  rations  in  various  experiments.  Armsby  and  Fries's 
results,  as  already  noted,  have  been  corrected  to  12  hours  standing. 
No  statement  of  the  amount  of  time  passed  standing  and  lying, 
respectively,  is  given  in  the  reports  of  the  other  experiments. 
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The  foregoing  results  justify  the  statement  that  the  maintenance 
ration  of  thin  cattle,  expressed  in  terms  of  available  energy,  ranges 
in  general  from  5  to  7.5  therms  per  1,000  pounds  live  weight,  aver- 
aging a  little  above  6  therms.  The  maintenance  ration  of  fat  animals 
appears  to  be  distinctly  greater  than  that  of  thin  ones. 

It  should  be  noted  that  the  term  available  energy  is  used  in  the 
sense  defined  on  pages  20-22,  as  determined  by  a  comparison  of  ex- 
periments upon  submaintenance  rations.  This  available  energy  is 
not  necessarily  identical  with  the  energy  values  in  terms  of  which 
the  values  of  feeding  stuffs  and  the  requirements  of  animals  have 
been  expressed  by  Kellner  and  others  (compare  Farmers'  Bulletin 
346),  since  his  results  were  obtained  by  a  comparison  of  super- 
maintenance  (productive)  rations.  Such  scanty  data  as  are  now  on 
record  seem  to  indicate  that  the  two  are  substantially  the  same  in 
case  of  concentrated  feeds,  but  that  the  available  energy'  of  coarse 
feeds  below  maintenance  may  be  greater  than  their  productive  values 
above  the  point  of  maintenance.  If  this  should  prove  to  be  the  case, 
then  evidently  an  estimated  requirement  of  fi  therms  of  Kellnor's  pro- 
duction values  will  give  a  maintenance  ration  ample  for  practical 
purposes,  but  which  will  be  a  somewhat  too  large  deduction  to  make 
in  estimating  the  productive  part  of  the  ration. 
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Data  regarding  the  maintenance  rations  of  sheep  are  less  com- 
plete than  for  those  of  cattle.  No  experiments  are  on  record  in 
which  the  requirement  of  available  energy  has  been  directly  deter- 
mined, and  but  few  respiration  experiments  have  been  made.  Most 
of  the  recorded  data  are  bused  upon  live-weight  experiment,s. 

In  lSCk-4iS  Ilenneberg  aud  h\a  niutoclates'  conducted  a  aeries  of  respiration 
bxperlnients  uixiii  two  mature  fbeep  receiving  approxlmatelj  a  mnlntenifnce 
riitlon  ot  tticailuw  liay.  Two  dlFcestlnn  ex|>erlnientH,  lucliidlns  determinations  ot 
Ibe  nltix^en  balance,  were  nuule  with  encli  of  tbe  aiilmal)i.  During  eacb  of 
these  digestion  e^tperluiente  three  respiration  e3t>erlnieiitB  were  made  npon  the 
two  aniniiils  tc^etber.  Tbe  resiilts  of  ttiei'e  determinations  var;  so  little  that 
their  average  Is  sutHclent'  for  our  |)re»<ent  purpose.  Estimating,  ns  in  some  of  tlie 
eitperlments  on  cattle,  that  eacb  kilogram  of  digestible  orRBnIc  matter  contains 
approximately  3,6  therms  of  nietabollzahle  energy,  and  further,  tbat.  as  in  tbe 
case  of  Kellner'B  steers.  43  |h>f  cent  of  tbe  metnbollzable  energy  of  the  feed 
could  be  xtored  up  [n  the  form  of  gain  of  flesh  and  fat.  tbe  following  computa- 
tion per  day  and  head  niii;'  t>c  made: 

Maintenance  ralinn  of  xhrt-ii — Hennrbcrg  anit  Slobmann. 

T.lve  weight,  exi-IUHl 
Digestible  organic  t 
Gain  by  anlmnl : 

Protein _ .do.. 


Metabollzable  energy  of  ration  O.nSOl  X3.5— 
Metabollzable  energy  equivalent  to  gain : 


Metaboliiable  energy  for  maintenance 1.478 

Tbe  foregoing  ration  is  equivalent  to  1.574  therms  per  50  kilograms,  or 
1.47R  therms  per  100  pounds,  computed  In  proportion  to  the  two-thirds  power  of 
tbe  live  weight 

In  1872  Henneberg,  FlelBcber,  and  MHller'  began  a  series  of  respiration 
experiments  upon  sheep  In  which  wheat  gluten  was  added  to  a  basal  ration  of 
bay  and  ground  barley.  Tlie  batuil  ration  of  the  Qrst  period  proved  to  be  but 
slightly  greater  than  the  maicitennnce  ration.  Making  the  same  calcolatloos  as 
before,  but  assuming  that  aci  per  cent  of  the  metabollsable  energy  of  tte  ration 
might  serve  for  tbe  production  of  gain,  since  a  portion  of  the  ration  consisted 
of  grain,  we  have  the  following: 
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ifaM«n<mce  roHon  of  theep — Hetmeberg,  Fteitcher,  and  if  filler. 

Utc  weight ktlogramB—    34. 20 

Digestible  organic  matter  per  day gramB._  nS2.  M 

Gain  bj  animal: 

Protein  grams.-      1.94 

Fat grams..    43.60 

Uetabollzable  energy  of  ration  0.5029*X3Ji J.970 

Metttbollzable  energy  cquWalent  to  iiain— 

Protein,  0.00194XD.7 _ 0.01106 

Fat,  0.0436XS.5 .41420 

.42.12C^-0..10-._     .851 

Metaboltcable  energy  for  mnlutennnce... 1,119 

Tbla  reanlt  is  equivalent  to  1.441  tborrox  per  Tifl  kllofcramB  or  1.350  'Iierms  per 
100  poandB  lire  welgbt. 

Hagemann,*  from  tbe  results  of  a  digestion  sn<l  metabolism  experiment  and  of 
42  sbort'  respiration  periods  with  tbe  Zuntz  type  of  apparatus  on  a  mature 
abeep  averaging  S0.33  kilograms  live  weight,  computes  an  approximate  energy 
balance  wblcb  may  be  put  In  the  following  form,  assvimlng  that  50  per  cent  of 
tbe  surplus  metabollzable  energy  of  the  mixed  ration  might  be  recovered  as 
gain:  , 

ilaintenaace  ratiim  of  gliccii^llanrmann. 


.neon,.. 

Oalgo. 

'-"im,,.^^ 

"f^l- 

nmHt. 

'«?S. 

Oafn: 

""■">■ 

^4*7  +  0,50 

on 

1.304 

3.704  1 


In  addition  to  tbe  foregoing  experiments  there  are  a  number  of  digestion 
experiments  by  Wolff.  In  which  tbe  live  weight  of  tbe  animals  was  approxi- 
oiately  maintained.  In  ISTl  *  two  series  of  experluienta  were  nimle  upon 
tbe  relative  digestive  power  of  three  breeds  of  sbeep  for  an  apiiroxlmate 
maintenance  ration.  A  comparison  of  the  live  weights  of  the  animals  Is  possible 
only  for  the  second  series.  In  which  tbe  ration  consisted  of  clover  hay  and 
potatoes.  Tbe  total  organic  matter  digested  i<er  day  and  head  and  the  average 
live  weights  at  tbe  beginning  and  end  of  tbe  exiwrtmeiit  were  as  given  in  the 


I.  138. 


8489°— Bull.  148—12 4 


igitized  by  Google 


60 


MAINTENANCE  RATIONS  OF  FARM  ANTMALB. 


table,  wblcb  also  abowa  tbe  metabolizable  oiergy  equivalent  to  tbe  digested 
oFgamic  matter  (3.6  tbermfl  per  kilogram),  botb  per  head  and  per  SO  kllogratiiB 
live  welgbt,  computed  in  proportion  to  tbe  two-tblrds  power  of  the  latter.    Tbe 
average  result  Is  equivalent  to  1.634  therms  per  100  pounds  live  weight. 
Uatntenance  ratUmg  of  «heep — Wolff. 


LIvB-mlghl-i 

DlgaBl«l 

DIIUlc 

wlmrft 

InltM. 

FiiuL 

■^^ 

P«ha«d. 

FCTflDkOo- 

j 
6 

Xlbm. 

3B.8C 

ssiofi 

£Bm. 

4B.S0 
tl.X 
06.30 
»70 

U6.U 
M2.M 

680.  Q 
630.38 

ffanw. 

41 

2.m 

S 

LTTB 

'  Avenfe  dI  6  or  0  conHmUTe  da;!. 

Id  1882-03  Wolff'  made  a  series  of  experiments  with  sheep  on  tbe  Influence 
of  salt  upon  digestibility.  In  the  first  two  periods  of  this  aeries  an  approxi- 
mate maintenance  ration  of  1,000  grams  of  meadow  hay  per  day  and  bead 
was  fed.  Since  tbe  salt  was  found  uot  to  affect  tbe  digest  lb  11  ity  of  tbe  feed, 
we  may  use  the  resnlts  of  tbe  two  periods  as  a  basis  for  computing  the  main- 
tenance ration.    The  average  live  wei^ts  per  bead  were  as  follows: 


Jnaazy 

Febnmr 

42.0 

43.S 

tLl 

43.S 

Tbe  feed  consumption  was  uniform  with  all  tbe  aalmala  and  tbe  perceatage 
digestibility  sbowed  but  very  slight  variations,  ao  that  we  may  regard  the 
average  of  the  elgUt  trials  as  representing  approxlmatelr  tbe  maintenance 
ration.  The  average  amount  of  orennic  matter  digested  per  day  and  bead 
was  470.28  grams.  Reckoning,  as  before.  3.6  therms  of  metabotltable  aiergy 
per  kilogram,  tills  corrcBt>oads  to  1.007  Iherma  per  head,  equivalmt  to  1.841 
therms  per  DO  kilograms  or  1.726  therms  per  100  pounds  live  weight,  computed 
In  proportion  to  tbe  two-thirds  power  of  tiie  latter. 

Wolff*  has  also  computed  tbe  digestible  matter  In  tbe  rations  consumed  by 
sheep  In  a  number  of  the  earlier  experinients  by  Henneberg.  The  average  of 
six  rations  which  apiieared  amply  sufficient  for  maintaining  tbe  live  weight  of 
the  auimal  was,  per  head : 

Live  weight 40.  (B 


Organic  matter  digested  _. 


Equivalent  metabollwible  energy.. 


..therms.. 


.S6G 


oogic 
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Computed  In  the  usoal  nay,  thlB  Is  equlvalmt  to  2.300  therma  per  50  kllo- 
grama.  Ttale  Is  a  mncb  higher  result  than  was  obtained  In  any  of  tbe  other 
experiments^  and  In  view  of  the  fact  that  the  digestibility  of  the  rations  was 
estimated  and  tbat  tbe  feed  was  of  a  somewhat  varied  character  It  seems  per- 
o  omit  this  reenlt  from  consld^'atlon. 


The  results  of  the  experiments  cited,  omitting  the  ones  lust  men- 
tioned, may  be  summarized  as  follows: 

DaiJf  maintenance  rationa  of  aheep. 


Kind  of  eipaliiMnt,  tad  tonMlfMar. 

WBlgM. 

PBTiO) 

Thetmi. 

"^H 

l.MO 

l.T« 
l.Ml 

1.7» 

I.B81 

It  is  of  some  interest  to  compare  this  average  maintenance 
ration  of  sheep  with  the  corresponding  results  for  cattle.  If  we 
a.ssume  that  the  surfaces  exposed  by  these  two  species  are  roughly 
proportional  to  the  two-thirds  powers  of  their  live  weights,  the  cor- 
responding  maintenance    ration    for    a    1,000-pound    steer    would 

be  1.483  x(  -r^  jl=6.885  therms  of  mefabolizable  energy  as  com- 
pared with  an  average  of  10.60  therms  for  cattle.  While  such  a 
comparison  is,  of  course,  hut  a  rough  approximation,  it  nevertheless 
seems  to  show  conclusively  that  the  metabolism  of  the  sheep  per 
unit  of  surface  is  distinctly  lower  than  that  of  cattle.  No  obvious 
reason  for  such  a  difference  suggests  itself.  That  it  can  hardly  be 
due  to  the  direct  effect  of  the  wool  in  diminisliing  the  radiation  of 
heat  will  appear  from  a  discussion,  in  a  later  section,  of  the  influence 
of  external  temperature  on  the  maintenance  requirement. 

Two  determinations  of  the  fasting  katabolism  of  swine  have  been 
reported  by  Meissl,  Strohmer,  and  Lorenz,'  The  experiments  were 
made  with  the  respiration  apparatus,  no  calorimetric  determinations 
being  carried  out. 

Computing  tbe  energ;  kataboltsed  by  tbe  use  of  Rubner's  factors  for  the  en- 
ergy corresponding  to  the  nitrogen  and  cariwn  excreted,  tbe  writer*  obtained 
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tbt>  flKiireo  contained  In  the  tblrd  colnmn  of  the  tollowliig  table.  Ktilner '  bts 
recompnted  tbe  reaolts,  (iBing  tbe  exact  flgnrea  for  tbe  atrtton,  nltroeen,  and 
eDer^  content  of  the  flesh  of  swine  which  were  obtained  \>j  KShler,  with  tbe 
results  Bbowii  In  the  last  column. 

Fasting  kataboltam  of  tiriw — ileitMt,  Btruhinj'i;  and  Lorem. 


Live 
1    fUo. 

FutlnctoUboUsiD. 

Afinsbj. 

K^ 

2.&H 

Ttmu 

•   W4>leht    111    ptojKKtitin    to  the 


Tlipse  Qgures.  according  to  the  principles  enunciated  In  the  foregoing  iwKes, 
luuf  I>e  regarded  as  rei>reHculing  the  available  energy  required  for  maliite- 

nani-e.    Xo  other  direct  dotermiiintionn  of  this  rfqiiirt'tiieut  apiiear  to  have  lie*>n 

In  addition  to  the  forejroing,  a  number  of  live-weiglit  exjierinients 
have  Iwon  reported. 

Dleti-li'h  *  deleruiliied  the  amuuut  of  feed  required  by  gruwiug  itlgs  to  uiaiutalu 
their  live  weltcht  at  different  stages  of  growth.    Tbe  irL-xla  were  mnde  when  the 

uuimiils  reiK-hed  aiiproxlinately  tbe  weights  of  50,  Irt).  150.  and  200  pounds,  ■! 
iiulntiils  being  "s«d.  The  dlKeHtibllltj-  of  tbe  rfltioii  fed  Ht  the  weight  of  iri<» 
lioundB  was  also  determined.  Tbe  ardial  average  anuMnits  nt  feed  reigulred  i)er 
day  and  lie:id  were  ns  follows: 


.1/.!/ 


',/  «.rj. 
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ABBumlog  tbe  composition  ot  tlie  feedlag  stulTa  used  to  be  fairly  repreaented 
bf  the  averages  glveo  Id  Farmers'  BuUetiD  22  (revised)  and  using  Jordan's 
digestion  coefflclentB  for  middlings,  oil  meal,  and  skim  milk,  and  Kellner's 
coefflcleots  for  com  meal,  tlie  writer  lias  computed  tbe  digestible  uutrlentB 
contained  In  tbe  rations  consumed  with  tbe  results  shown  In  the  following  table. 
Tbe  metabolliable  energy  of  the  rations  baa  been  compnted  from  the  amount  of 
>  nutrients,  using  tbe  factors — 

Calocla  per  f  rain. 

Digestible  protein 4, 1 

Digestible  nltrogMi-free  extract 4.2 

Digestible  crude  fiber 3. 5 

Digestible  ether  extract 8.8 


UlgratlblB  nutrtiinu  IM  b«d. 

Fstod. 

JToWln. 

<s»- 

FM. 

Pwbead. 

PcrSOkUd- 

wdgbt. 

aoffl 

a  241 

a  Oil 

.028 

'.wr 

rkrvu. 
0.(08 

i.oes 
i.sa 

1.000 
1.88S 

,?:;:::::::::::::::::::::::::: 

l.BW 

Taylor'  reports  quite  similar  experiments  with  animals  weighing  respec- 
tively SO,  100,  and  150  i>ounds.  Computed  In  the  same  manner  as  the  previous 
experiments,  tbe  results  iire  ns  follows  t 

Uaintenmicc  ration*  of  iKtne  at  different  agct — Taylor. 
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■WiscoDsiD  Biperiment  Station  Bcport,  1901,  p.  67. 
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Carlyle*  reports  tbe  areraKe  daily  food  for  matntenaace  of  12  brood  sows  for 
t>lgbt  weeks  after  weanlDg  tbelr  plge  aa  follows : 

Poooda. 

Average  live  welgbt 306 

Feed  per  day  and  head : 

Cotd 1. 4» 

Shorts l.» 

on  meal .  50 

gklm  milk 6. 90 

The  coni[>uted  dlgeMible  antrlenta  aod  energy  of  tbe  above  ratioa  are: 

PODndB. 

DlgeatlWe  protrin O.ew 

Digestible  carbobydrates 2.307 

DlgeatlWe  fat .117 

Equivalent  tnetabollaahle  eaersy:  Them*. 

Per  head 6.079 

Per  00  kllogrania  live  weight 3.077 

Per  100  potmdH  live  weight 2.884 

In  a  preliminary  report  of  experiments  upon  pig  feeding,  Dietrich '  estlmatea 
tbe  matntenence  ration  of  growing  pigs  per  100  poonds  live  weight  to  be : 

Dlgeetlble  crude  protein 0.10 

Digestible  carbohydrates .  40 

DlgeaUble  (at .  04 

This  ration,  using  the  aame  factors  as  before  for  the  metsbollzabte  energy. 
Is  equivalent  to  1.181  th^ms  per  60  kilograms  or  I.IOT  therms  per  100  pounds 
live  weight. 

The  foregoing  results  show  a  wide  range  in  the  apparent  food 
requirement  for  the  maintenance  of  live  weight.  In  general,  the 
lower  results  seemed  to  have  been  reached  with  the  younger  animals. 
This  may  be  due,  however,  to  the  fact  that,  as  will  be  shown  in  a 
subsequent  paragraph,  the  maintenance  of  live  'weight  in  a  young 
animal  is  not  necessarily  synonymous  with  the  maintenance  of  its 
store  of  potential  energy.  If  we  omit  the  results  obtained  with  the 
50-pound  animals  and  also  omit  Dietriches  results  at  the  Illinois 
Station,  since  his  experiments  seem  to  have  been  with  comparatively 
young  animals,  we  find  the  range  of  results  to  be  as  follows: 


grama. 

Par  100 

pOUDdl. 

Titmu. 

IS 

Tktfm,. 

On  the  basis  of  respiration  experiments  by  Meissl  as  discussed 
by  Kellner,'  four  rations  consisting  of  not  dissimilar  feeds  showed 

'  WIbcoobId   Gipcriment  Btution,   Rallplli)  1l>4,  p.   31. 

■Illlnoli  EiperimeDt  StatloD.  Clrcalat  IZS,  p.  lia 
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an  approximate  average  utilization  of  74.5  per  cent  of  the  meta- 
•  bolizable  energy  supplied  in  excess  of  the  fasting  katabolism.  If 
we  may  apply  this  percentage  to  the  average  of  the  foregoing  results 
regarding  maintenance,  we  may  compute  the  average  requirement 
of  available  energy  to  be  2.243X0.745=1.671  therms  per  50  kilo- 
grams, or  1.666  therms  per  100  pounds,  a  result  not  differing  very 
widely  from  the  figures  computed  on  a  previous  page  from  the  results 
of  experiments  on  the  fasting  katabolism,  but  with  a  very  wide 
range  of  variation  in  individual  cases. 


The  maintenance  ration  of  the  horse  has  been  the  subject  of  inves- 
tigation by  Zuntz  and  Hagemann,  Wolff,  Miintz,  and  Grandeau  and 
Le  Clerc. 


Upon  the  basis  of  the  results  regarding  the  availability  of  energy 
for  the  horse,  which  have  been  described  on  pages  22-25,  Zuntz  and 
Hagemann '  compute  the  fasting  katabolism  of  the  horse  by  sub- 
stantially the  same  method  as  that  employed  on  pages  34—35  for  cattle. 

For  tblB  purpose,  they  ii»e  tboae  rest  eitperiiuentB  on  borse  III  In  wblcb 
tbe  feed  consisted  of  oats,  bay,  and  straw.  From  tbe  results  of  tbe  respira- 
tion experimeols  made  witblu  tbe  first  five  boure  nfter  feeding,  tbey  compute 
tbe  total  enei^  kstabolism  per  diiy  In  tbe  manner  Indicated  on  page  22,  and 
fron)  tbls  subtract  the  euerey  px|ieiidcd  iu  tbe  digestion  of  tbe  feed  (not 
including  tbe  work  of  mnpticatlon),  computed  as  ebown  on  page  23.  Ttie 
remainder,  of  course.  Is  the  katalKilIsm  due  to  Internal  work,  tc^etber  with  any 
katabolism  resulting  from  a  possible  demand  for  beat  to  maintain  tbe  body 
temperature.    Their  results  may  be  tabulated  as  follows ; 


Computed  faattnff  kalaboliKia  of 

ftiiritc 

per  dag  and 

head — Zunli:  and  Hage- 

mantra  experimenls. 

i                 F«d. 

•rtght. 
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terbiKly 

B4.6 

ii.oei 

4.122 

va.3 

In  the  experiments  with  a  standard  ration  of  6  kilograms  of  oats, 
1  of  straw,  and  6  (or  7)  of  hay,  the  average  oomputed  fasting  katab- 
olism for  the  three  winter  periods  i»  4.329  therms,  while  in  the 
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single  summer  period  it  reaches  the  minimum  of  3.970  therms.  Zuntz 
and  Hagemann.  consider  that  the  latter  represents  approximately* 
the  minimum  requirement  for  internal  work  and  regard  the  higher 
figures  obtained  in  the  winter  experiments  as  indicating  a  stimula- 
tion of  the  heat  production  by  the  low  temperature  to  which  the 
animal  was  exposed.  The  notably  higher  results  obtained  with  the 
lighter  rations  they  ascribe  to  a  similar  cause,  viz,  that  the  heat 
arising  from  the  work  of  digestion  and  from  the  necessary  internal 
work  (fasting.katabolism)  was  insufficient  to  maintain  the  body 
temperature.  Accordingly,  they  regard  the  differences  shown  in  col- 
umn 8  of  the  foregoing  table  as  including  in  these  cases  not  only  the 
minimum  necessary  for  internal  work  but  also  an  expenditure  for 
heat  production.  In  other  words,  they  consider  that  the  critical  tem- 
perature (compare  p.  71)  for  the  horse  is  high  as  compared  with  that 
for  cattle,  and  the  critical  amount  of  food  small  (compare  p.  73j. 
Earlier  experiments'  upon  another  horse  in  which  lighter  rations 
were  fed  confirmed  this  conclusion. 

On  the  average  of  tbe  8  most  aatlafactory  eiperlnieatB  out  o(  12,  the  esti- 
mated totnl  kntDboliBu  per  dny  and  head  was  11.027  tberniB  upon  a  ration 
coneletInK  of  3.5  klloKraniB  of  oata,  O.G  of  atraw.  and  2JS  of  haj.  Computed  In 
the  same  mnnnor  aa  fn  tbe  foregoing  examples,  the  expenditure  of  energy  In 
tbe  dlgeatloQ  of  this  ration  la  equal  to  3.T82  therms,  which  iMves  a  remainder 
of  7.244  therms,  equivalent  to  140.3  gmm-calorles  per  square  centimeter  of  Bnr- 
face.  This  Is  a  higher  figure  than  any  of  those  contained  In  the  foregoing  table, 
althou)tli  tbe  total  katabollsm  was  not  notably  different.  The  authore  conclude, 
tberefore,  that  tbe  small  amount  of  heat  liberated  by  tbe  dlgaetlve  work  was 
compensated  for  by  an  Increased  katabolism  of  body  tissue. 

From  a  balance  experiment  on  the  same  animal  In  the  respiration  apparatus 
of  the  OCttlngen  Experiment  Station  tbey  also  compute'  the  metabollEsble 
energy  required  for  maintenance  by  subtracting  from  the  total  nuCrl^kts  di- 
gested the  fat  equivalent  of  tbe  protein  and  fat  gained  by  the  animal.  Tbey 
thus  reach  n  maintenance  ration  per  500  kilograms,  live  weight,  of  SJMCi 
grams  digestible  nutrients,  equivalent  to  12.93  therraa.  Their  final  conclusion 
(loc.  clt,  p.  42<1)  ts  that  their  nnlmal  required  per  head  at  least  11  therms,  or  per 
1)00  kilograms  live  weight  12.10  therms,  of  heat  to  maintain  bis  body  tempera- 
ture. In  other  words,  this  la  the  minimum  of  metabolizable  energy  which  must 
be  supplied  In  a  maintenance  ration,  since  If  leas  be  present,  even  although  the 
ration  supplies  the  requisite  amount  of  available  energy,  body  tissue  will  still 
be  katabollzed  for  the  production  of  the  heat  necessary  to  tnalntaln  tbe  body 
temperature. 

Computed  to  1,000  pounds  live  weight  in  proportion  to  the  two- 
thirds  power  of  the  latter,  Zuntz  and  Hagemann's  maintenafice 
ration  is : 

Available  energy  for  Internal  work 4.08 

Additional  required  for  bent  production 7.  80 

Total  metabolizable  energy  required 11.88 

1  LandwlrtscIiBftlicbe  JabtbUcbet,  vol.  18,  p.  1 ;  Vol.  27,  Er^UUDDgs  Band  III,  pp. 
306-257. 

»Ibld.,    p.   423-124. 
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The  maintenance  requirement  as  measured  by  the  computed  fast- 
ing katabolitim  is  notably  less  than  that  of  cattle.  The  same  criti- 
cisms which  hare  been  made  of  Zuntz  and  Ilagemann's  conclusions 
as  regards  availability  are  also  applicable,  of  course,  to  his  compu- 
tation of  the  maintenance  requirement. 


Wolff  has  also  determined  by  a  different  method  the  maintenance 
ration  of  the  horse  in  the  experiments  whose  results  as  regards 
the  available  energj-  of  feeds  have  already  been  mentioned  on  page 
25.  As  there  noted,  the  amount  of  work  performed  by  the  horse 
was  adjusted  so  as  to  be  as  nearly  as  possible  in  equilibrium  with 
the  feed  consumed.  Wolff^s  experiments  were  made  with  a  sweep 
power  arranged  to  serve  also  as  a  dynamometer.  The  actual  meas- 
urements of  the  work  performed,  except  in  the  later  experiments, 
proved  to  be  too  low ;  but  Wolff  believes  them  to  be  relatively  correct, 
so  that  the  ratio  between  the  work  as  measured  and  the  additional 
feed  required  to  produce  it  may  still  serve  as  the  basis  of  computation. 

In  tbe  exi>eriiuentE>  of  1S77-1SSC'  <t  was  found  llijit  the  work  perfomieiJ  In 
100  rerolutloDB  of  the  dyoamomcter  required  the  addition  to  tbe  ration  of 
SIS  grams  of  digestible  nutrients.  It  Is  laiportatit  to  note,  hon-ever,  in  view 
of  what  follows,  that  this  additional  digestible  niuterinl  Included  no  dlfc-estlbte 
crude  fiber — that  Is,  that  it  was  practically  derived  from  the  grain  added  lu 
the  perlodB  of  heavier  work.  Subtracting  from  the  total  digestible  nulrlenta 
of  the  ration,  therefore,  an  amount  computed  on  this  biisid  to  br  equivalent  to 
the  work  d<iDe  leaves  a  remainder  reiiresentiUK  the  nutrients  required  fur  mainte- 
nance on  the  virtual  assumption  that  all  the  work  done  was  performed  nt  tb« 
expense  of  notrlents  derived  from  the  grain.  The  results  of  these  computa- 
tions are  summarized  in  the  following  table: 

Uainienance  rations  <if  honcn — Wolff,  '1877-1886. 
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Gompoted  to  SOO  kilograms  live  weight  on  tbe  basis  of  what  Wolfl  regards 
as  the  normal  weights  of  the  animalB,  the  foregoing  maioteoaace  rations  are: 

Hoirse  I ■*,  143 

Horse  11 4.2eo 

Horse  III 4,167 

A  series  of  similar  experiments  on  horse  m,  wdgtilng  476  kilograms.  In  18S5- 

86,'  computed  In  substantially  the  same  way,  gave  results  for  the  maintenance 

ration  agreeing  well  with  those  of  earlier  years,  viz: 

Maintentmce  ralions  of  a  hone — Wolff,  188S-S6. 
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In  a  succeeding  period  I IX),  however,  in  which  hay  alone  was  fed,  a  de- 
cidedly higher  result  was  obtained,  viz,  4367  grams  per  bead,  or  4,586  grams 
Iter  600  kilograms. 

In  these  earlier  experiments,  in  accordance  with  the  views  then  prevalent, 
Wolff  regarded  the  so-called  nutrients  as  of  equal  value  whatever  their  source. 
Tbe  experiment  wltb  bay.  Just  mentioned,  however,  suggested  that  socb  was  not 
the  case  and  this  suspicion  was  confirmed  by  later  Investigations  which  clearly 
showed  tbe  superiority  of  the  digestible  matter  of  grain  over  that  of  bay. 
This  superiority  was  not  apparent  In  the  earlier  experiments  because  the  pro- 
portions of  grain  and  coarse  fodder  were  not  widely  dltTerent  In  the  several 
experiments,  the  coarse  fodder  furnishing  on  tbe  average  fully  one-haU  of 
the  dry  matter  fed. 

This  difference,  suggested  by  the  experiment  on  hay,  was  demonstrated  by  a 
comparison  by  Wolff'  of  his  own  results  with  those  obtained  by  Qrandeau  and 
Le  Clerc'  In  ezperfmeita  upon  two  cab  horses  receiving  only  a  small  amount  of 
walking  exercise.  The  ration  used  by  the  latter  experimenters  consisted  of 
about  76  per  cent  of  grain  as  against  less  than  60  per  cent  In  WoltTs  experiments^ 
and  tram  It  Wolff  computes  an  average  maintenance  ration  per  600  kilograms 
of  3,626  grams  of  digestible  nutrients  as  compared  with  the  4,000  to  4,200  graiDB 
of  the  foregoing  table. 

Direct  experiments  by  Wolff*  likewise  show  that  tbe  digefltlble  nutrleuts  of 
concentrated  feed  (oats)  are  more  valuable  for  work  production  than  those  of 
coarse  feed  (hay).  The  experiments  were  made  Id  tbe  manner  already  de- 
scribed, the  draft  being  uniformly  60  kilograms.  Although  the  measuronents 
of  tbe  work  actually  done  are  probably  Incorrect,  it  may  be  assumed  to  have 
been  aubHtantlatly  proportional  to  tlie  number  of  revolutions  of  the  dyna- 
mometer. A  ration  at  3  kilograms  of  hay  and  6.5  kllc^rams  of  oats  served  as 
the  tmsal  ration,  to  which  was  added  on  the  one  band  4  kll<^rams  of  hay  and 

'  LandwirtBcbartllcbG  JahrbOrher.  vol.  ID,  Etg&u^aag»  Band  III.  p.  32. 

•  Ibid.,  pp.  73-81. 

'  L'Allmenlntton  du  Cbeval  de  Trait.  IBS:),  II,  86  and  131. 

'Loc.  dt.,  pp.  84-BS. 
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on  tbe  other  11  kllogramB  of  oats.    The  nutrleHts  dlgeeted  In  eacb  case  and 
ttae  equivalent  amouDts  of  work  secured  were; 

Nulrientt  equivalent  to  toork— Wolff.  J886-S7. 
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Tbe  relative  value  of  tbe  dlgented  matter  of  hay  and  of  uata  for  work 
production  lu  tbeee  trials  was  tbus  aiigiroxlniately  as  Q:  7. 

Tbe  digestible  natrtents  added  tu  the  ration  by  tbe  oats  In  period  VI  in- 
cluded no  crude  fiber,  and,  as  the  table  shows,  240  grams  of  these  fiber-free 
nutrients  were  found  equlvalKit  to  100  revolutions  of  tbe  djtiamoDieter  with 
n  draft  of  60  kilograms,  which  is  practically  equivalent  to  tbe  315  grams  per 
100  revolutioiiH  with  76  kilograms  (imft  found  In  tbe  earlier  experiments 
(p.  57)  In  which  also,  as  was  noted,  tbe  additional  nutrients  were  practically 
fiber-free.  Of  tbe  digestible  nutrients  added  to  the  ration  In  the  form  of  hay 
in  period  I-IIl,  .on  the  other  hand,  over  one-fourth  consisted  of  crude  fiber, 
and  In  this  case  863  grams  were  found  to  be  equivalent  to  100  reroluttone 
«f  tbe  dynamometer.  If,  however,  the  digestible  crude  fiber  be  omitted  In  this 
case,  It  appears  that  the  fiber-free  nutrients  of  tbe  hny  were  practically  equiv- 
alent to  those  of  the  oats,  255  grams  being  required  for  eacb  100  revolutions. 

As  noted  previously,  Wolff  recomputed  his  ^perlments  on  the  assumption 
tbat  tbe  crude  fiber  was  valueless,  and  obtained  results  expressed  in  lemia  of 
fiber-free  nutrients  which  were  consistent  among  themselves  and  agreed  with 
those  obtained  by  Grandeau.  The  following  table  contains  a  eumnary  of  tbe 
refmllR  obtained  for  tbe  maintenance  ration  expressed  both  In  terms  of  total 
DDtrlents  (Including  digestible  crude  fiber)  and  of  fiber-free  nutrients: 
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Itiitiimtt  for  maintenance  per  500  kUo(iram»  lire  v>^kl~W<ilff — TontiDuedL 
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The  figures  inclusive  of  the  crude  fiber,  as  computed  by  Wolff,  evi- 
dently correspond  approximately  with  the  amounts  of  metabolizabic 
energy  contained  in  various  mixed  rations  which  were  sufficient  for 
maintenance.  In  the  earlier  experiments,  and  in  those  later  ones  in 
which  approximately  equal  proportions  of  hay  and  grain  were  con- 
sumed, the  amount  is  approximately  4,200  grams  per  500  kilograms 
live  weight,  which,  using  Zuntz  and  Hagemanu^s  factor  of  3.96 
calories  per  gram,  is  equal  to  16,032  calories.  In  the  later  experi- 
ments, in  which  a  larger  proportion  of  gi-ain  was  fed,  the  total 
nutrients  required  for  maintenance  ranged  from  3,600  to  3,700  grams,, 
equivalent  to  from  14^57  to  14,Cu2  calories.  In  other  .words,  the 
amount  of  metabolizable  energy  necessary  for  maintenance  varied 
with  the  proportion  of  coarse  fodder  present,  as  would  be  expected 
from  the  results  with  cattle  recorded  on  previous  pages. 

The  maintenance  ration  in  terms  of  metabolizable  energy,  as 
thus  computed,  is  comparable  with  that  estimated  by  Zuntz  and 
Hagemann,  in  the  manner  explained  on  pages  55-56,  frwn  the  total 
heat  production  of  the  animal.  That  Wolff's  results  are  higher  is 
probably  due  to  the  relatively  larger  proportion  of  crude  fiber  in  his 
maintenance  rations,  since,  as  shown  on  page  57,  the  work  is  assumed 
by  Wolff's  method  of  calculation  to  have  been  done  at  the  expense  of 
the  nutrients  of  the  grain,  and  consequently  the  remaining  portion  of 
the  ration,  which  is  regarded  as  the  maintenance  portion,  was  rela- 
tively poorer  in  grain  and  richer  in  coarse  fodder. 

Zuntz  and  Hagemann'  attempt  to  estimate  the  difference  due  to 
the  latter  fact.  They  average  SI  of  Wolff's  experiments,  divided 
into  two  groups,  viz,  those  on  light  and  on  heavy  work,  correcting 
the  actual  amount  of  work  done  for  the  loss  of  live  weight  and 
likewise  for  what  they  regard  as  Wolff's  error  in 'his  estimate  of  the 
energy  expended  in  locomotion.     They  also  correct  Wolff's  estimate 

'  Imt.  rll..  pij.  4L>(>— t^-l :  Prlnrlpli'B  of  Animal  Nutrition,  p.  Me. 


igitized  by  Google 


MAINTEHANCE  RATIONB   OF   HOBfiEB.  61 

of  the  energy  of  the  digested  matter  by  the  use  of  the  factor  3.96 
calories  pw  grun  instead  of  4.1  calories  per  gram.  Their  cotnpari- 
SOD  of  the  two  groups  gives  them  by  difference  31  per  cent  as  the 
proportion  of  the  available  energy  of  the  digested  nutrients  which 
was  recovered  in  the  form  of  work,  a  percentage  corresponding  very 
closely  to  that  found  for  the  work  of  draft  in  their  experiments, 
viz,  31.4.  Upon  this  basis,  they  compute  in  each  group  the  amount 
of  nutrients  required  for  the  total  work  done  and  by  subtraction 
the  total  digestible  nutrients  required  for  maintenance. 

Their  results  for  an  animal  weighing  approximately  500  kilograms 
are  as  follows,  the  equivalent  metabolizable  energy  being  obtained 
by  the  use  of  Zuntz  and  Hagemann^s  factor  of  3.&C  calories  per  gram. 
The  average  does  not  differ  materially  from  that  computed  directly 
from  Wolff's  iater  experiments. 
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This  result  they  compare' with  that  obtained  by  thiem  in  a  balance 
experiment  with  a  respiration  apparatus  from  which,  as  noted  <mi 
page  56,  they  compute  a  maintenance  ration  of  12.93  therms. 
Their  ration,  however,  contained  notably  less  crude  fiber  than  did 
Wolff's  rations,  the  differences  being  as  shown  in  the  following 
table,  which  includes  also  the  equivalent  digestive  work,  estimated 
by  Zuntz  and  Hagemann  at  2,65  calories  per  gram: 
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Subtracting  this  amount  from  the  average  computed  from  Wolff's 
experiments  leaves  a  remaindcf  of  12.37  therms  as  the  metabolizable 
energy  which  would  have  been  necessary  for  maintenance  had  Wolff's 
rations  contained  no  more  crude  fiber  than  Zuntz  and  Hagemnnn's. 

Wolff's  experiments  afford  no  data  for  compiiting  in  terms  of 
available  energy  the  maintenance  requirement  in  the  sense  in  which 
this  term  is  used  by  Zuntz  and  Hagemann  and  in  tlie  discussion  of 
the  maintenance  requirements  of  cattle,  on  pages  33  to  35,  viz,  as 
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equivalent  to  the  oecessary  demand  for  internal  work.  Eren  if  we 
follow  Wolff  in  regarding  the  energy  of  the  fiber-free  nutrients  as 
an  approximate  expression  of  the  available  energy,  his  computation 
of  the  fiber-free  nutrients  required  for  maintenance  simply  shows  the 
amount  of  available  energy  (in  this  sense)  present  in  a  maintenance 
ration,  but  gives  no  indication  of  how  much  of  this  may  have  been 
consumed  in  simple  heat  production. 


Miintz,'  in  1878-79,  attempted  to  determine  the  maintenance  ration 
of  the  horse  by  a  different  method,  viz,  by  starting  with  an  insufficient 
ration  and  gradually  increasing  it  until  an  equilibrium  between  food 
and  live  weight  was  secured.  His  experiments  were  made  upon 
horses  of  the  Paris  Omnibus  Co.  whose  work  ration  was  known  from 
previous  experiments.  Upon  one-third  of  their  regular  working 
ration  four  horses  lost  in  from  one  to  one  and  a  half  months  an  aver- 
age of  1.02  pounds  per  day  and  head.  The  ration  was  then  increased 
to  one-half  of  the  work  ration.  Upon  this  nine  horses,  including  the 
four  used  in  the  previous  experiments,  gained  on  the  average  1.08 
pounds  per  day  and  head.  Upon  decreasing  the  ration  to  five- 
twelfths  of  the  work  ration,  six  other  horses  gained  0.46  pound  per 
day  and  head.  The  amount  of  total  organic  matter  consumed  by 
the  animals  is  recorded.  Estimating  from  this  the  total  digestible 
nutrients  and  computing  the  metabolizable  energy  of  the  latter  at 
the  rate  of  3.96  calories  per  gram,  the  last  two  rations  afforded  the 
following  results : 

MetabolUiable  energy  in  ration*  of  JtorscK — .U*nl«. 
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Grandeau  and  Le  Clerc,'  in  addition  to  the  experiments  recorded 
in  connection  with  Wolff's  results,  fed  five  cab  horses  a  daily  ration 
of  8  kilograms  of  hay  during  a  total  of  14  periods  of  a  month  each 
(1  to  5  periods  for  each  animal),  during  each  of  which  the  digesti- 
bility of  the  ration  was  determined.     The  animals  had  only  a  small 
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amount  of  walking  exerciae  daily.    The  following  are  the  reeulte  of 
the  Beveral  periods : 

MetaioUeable  enern  in  ralUma  of  hortet — Grandeau  and  Le  Clerc. 
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Chi  the  average  of  all  the  periods,  the  results  per  da;  and  head 
were  as  foUows : 

Total  dlgenlble  nutrients  (fatX2.4) Kratns—  2,783.7 

BqatvRlent   metabol liable  oiergy.    at   3.96   calorloa  par 

gram tlienuB..        11. 03 

Dally  goln  In  weight kllOKrama..  0.19 

Average  Uve  wetgbt do 893. 6 

The  foregoing  ration,  which  was  apparently  somewhat  more  than 
a  maintenance  ration,  is  equivalent  to  12.12  therms  of  metabolizable 
energy  per  1,000  pounds  live  weight  This  is  materially  less  than 
was  obtained  in  Wolff's  experiments  and  about  the  same  as  that  found 
by  Zuntz  and  Hagemann  for  rations  containing  much  grain. 

TBCE  HAIirrENANce  AND  LITE-WEIOHT  MAINTENANCE. 

The  maintenance  of  an  animal  in  the  strict  scientific  sense  signifies 
the  preservation  of  the  store  of  matter  and  of  potential  energy  con- 
tained in  the  body,  and  only  a  ration  which  effects  this  is  really  a 
maintenance  ration.  As  has  appeared  in  the  foregoing  pages,  how- 
ever, much  of  our  recorded  information  rt^rding  the  maintenance 
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ration  la  derived  from  experimeaU  in  which  the  sufficiency  of  the 
ration  was  judged  of  from  its  effect  in  maintaining  the  live  weight 
of  the  animal.  In  experiments  on  mature  animals  extending  over  a 
considerable  period  of  time,  it  is  unlikely  that  any  gross  error  is 
involved,  especially  if  determinations  of  the  nitrogen  balance  show 
the  protein  supply  to  be  adequate.  In  short  periods,  on  the  other 
hand,  and  especially  in  experiments  upon  young  animals,  the  live 
weight  b  a  notoriously  untrustworthy  guide.  The  general  reasons 
for  tliis  are  familiar,  but  in  young  animals  another  very  important 
factor  enters  into  consideration.  As  is  well  known,  the  tendency  to 
growth  is  one  of  the  most  marked  characteristics  of  young  animals. 
Waters '  has  shown  that  this  impulse  to  increase  of  tissue  is  so  marked 
that  it  may  apparently  take  precedence  over  the  demand  for  main- 
tenance, so  that  an  animal  may  continue  to  increase  in  size  of  skeleton 
for  a  considerable  time  even  on  a  submaintenance  ration. 

Some  15  immature  cattle  were  fed  for  considerable  periods  on  ra- 
tions just  sufficient  to  maintain  their  live  weight.  Under  these  condi- 
tions the  animals  continued  to  grow  in  height,  in  depth  of  chest,  and 
length  of  bead.  At  the  same  time,  however,  there  was  an  evident 
falling  off  in  the  amount  of  fat  tissue,  both  as  judged  by  the  eye  and 
as  shown  by  the  appearance  and  by  the  chemical  composition  of  the 
carcass.  Histological  studies,  too,  showed  a  reduction  in  the  size  of 
the  fiit  cells,  and  analysis  of  the  adipose  tissue  showed  a  lower  fat  and 
higher  water  and  protein  content  than  in  check  animals.  What 
occurred  was  evidently  a  consumption  of  body  fat  to  supply  energy, 
while  at  the  same  time  an  approximately  equal  weight  of  protein  tis- 
sue was  produced  which,  on  account  of  the  relatively  low  energy  value 
of  protein  and  of  the  relatively  large  amount  of  water  accompanying 
it,  represented  a  much  smaller  quantity  of  energy  than  did  the  fat  tis- 
sue which  disappeared.  In  other  words,  the  rations  were  not  really, 
but  only  apparently  maintenance  rations.  It  is  perhaps  hardly  correct 
to  say  that  in  these  experiments  growth  was  maintained  at  the  ex- 
pense of  the  fat  of  the  tissues.  A  more  exact  statement  of  the  case 
would  be  that  the  increase  of  protein  tissue  and  water  masked  the 
loss  of  fat.  Presumably  this  effect  would  be  less  marked  in  more 
mature  animals,  in  which  the  true  maintenance  and  live-weight 
maintenance  would  doubtless  approach  each  other  closely  when  meas- 
ured over  long  periods. 

FACTOBS  AZTECnNG  THE  ENEHGT  REQUIBEHENT. 

Tlie  results  of  the  experiments  upon  farm  animals  reported  on 
previous  pages  render  it  evident  that  the  actual  maintenance  require- 
ment, even  when  computed  to  a  uniform  weight  or  size,  is  more  or 
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less  variable.  For  example,  in  the  case  of  cattle,  for  which  the  most 
extensive  and  accurate  data  are  available,  the  range  of  the  energy 
requirem^t  per  day  and  1,000  pounds  live  weight  for  thin  animals 
in  those  ezperimenta  which  are  apparently  the  most  accurate  is  i.9 
to  7.3  therms  available  energy  or  6.6  to  12.8  therms  metabolizable 
energy.    Several  causes  may  be  responsible  for  these  variations. 

MUSCULAR   ACTIVITY. 

In  conaidering  the  factors  of  the  fasting  katabolism  (p.  9),  atten- 
tion was  called  to  the  large  share  which  the  muscles,  and  especially 
the  voluntary  muscles,  have  in  the  heat  production  of  the  animal. 
Even  in  a  state  of  the  most  complete  rest  poeedble,  a  very  considerable 
share  of  the  total  katabolism  takes  place  in  these  tissues,  due,  pre- 
sumably, to  the  state  of  constant  sli^t  tension  or  "  tonus  "  of  the 
living  moBcle. 

uinoB  uuscuLAB  MonoMB. 

It  is  rarely  the  case,  however,  that  an  animal,  even  when  at  rest 
in  the  ordinary  sense,  does  not  execute  more  or  less  motions  of  various 
parts  of  the  body,  all  of  which  involve  an  expenditure  of  energy,  and 
even  apparently  insignificant  movements  may  materially  increase  the 
amount  of  metabolism. 

Zuntz  and  Hagemann,'  for  example,  report  a  respiration  experi- 
ment upon  a  horse  in  which  the  uneasiness  caused  by  the  presence  of 
a  few  flies  in  the  chamber  of  the  apparatus  caused  an  increase  of  10 
per  cent  in  the  metabolism.  Johansson '  compared  the  excretion 
of  carbon  dioxid  by  a  fasting  man  when  simply  lying  in  bed  (awake) 
with  that  occurring  when  all  the  muscles  were  as  perfectly  relaxed 
as  possible.    The  results  per  hour  were : 

Excretion  o/  CO,  fry  fastiita  man. 

Ljing  io  bed 24  .M 

Complete  muecolar  relaxation 20.72 

Benedict  and  Carpenter*  have  compared  the  metabolism  of  men 
during  sleep  with  that  of  the  same  subjects  lying  quietly  in  bed  im- 
mediately after  waking.  In  the  three  cases  which  they  regard  as 
strictly  comparable  the  increase  in  the  heat  production  during  the 
waking  period  ranged  from  5.8  to  16.2  per  cent,  averaging  11,4 
per  cent. 

If,  then,  these  comparatively  insignificant  movements  have  such  a 
striking  effect  upon  the  metabolism,  it  is  evident  that  the  amoiint  of 
muscular  activity  must  be  an  important  factor  in  determining  the 

>  Lands iTtaebaltllcbe  JabrbUcbcr,  toI.  2S,  p.  isl. 

•  SkandinsvlMScB  Archiv  tllr  Physrologle,  toI.  8,  p.  85. 
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r«latiTe  maintenance  requirements  of  two  animals  even  though  their 
minimum  physiological  requirements  may  be  identical.  In  experi- 
ments of  any  considerable  duration  on  normal  animals,  it  is  impossible 
to  avoid  more  or  less  expenditure  of  energy  in  this  incidental  muscular 
work,  while  it  is  often  a  matter  of  difficulty  to  make  the  difiterent 
periods  of  an  experiment  comparable  in  this  respect. 


Furthermore,  considerable  muscular  exertion  is  involved  during  the 
waking  hours  in  maintaining  the  relative  position  of  the  different 
members  of  the  body.  This  is  notably  true  of  the  effort  of  standing. 
In  experiments  by  Armsby  and  Fries'  the  heat  radiated  per 
minute  by  a  steer  while  standing  was  found  largely  to  exceed  that 
given  off  while  lying,  the  excess  in  25  experiments  ranging  from  28.3 
to  64.5  per  cent,  although  there  were  indications  that  the  amount  of 
feed  consumed  was  also  a  factor. 

On  the  other  hand  Dahm,*  working  in  Zuntz's  laboratory  and  by 
his  methods,  found  an  increase  of  only  8  per  cent  in  the  respiratory 
excretion  of  COj  by  a  young  bull  when  standing  as  compared  with 
that  when  lying,  but  Zuntz  *  himself  in  earlier  experiments  on  a  dog 
observed  differences  similar  to  those  found  by  Armsby  and  Fries  for 
cattle,  the  average  oxygen  consumption  per  minute  being  while  lying 
174.3  c,  c.  and  while  standing  245.6  c.  c,  or  an  increase  of  41  per  cent. 
Benedict*  observed  an  increase  of  from  13.3  to  18.8  per  cent,  or  an 
average  of  16.5  per  cent,  in  the  heat  production  of  man  when  standing 
as  compared  with  that  observed  when  sitting  quietly  in  a  chair. 

It  is  clear,  then,  that  of  two  animals,  one  of  which  lies  down  for  12 
hours  and  the  other  for  8  hours  out  of  the  24,  the  former  will,  other 
things  being  equal,  require  less  energy  for  maintenance.  In  the 
results  regarding  the  maintenance  ration  thus  far  reported,  with 
the  exception  of  the  Pennsylvania  experiments,  this  factor  has  not 
been  taken  into  account. 

INDIVIDTJAUTY. 

It  appears  quite  probable  that  those  differences  between  the  main- 
tenance requirements  of  different  animals  which  are  ascribed  some- 
what vaguely  to  "  individuality  "  are  due  to  a  large  extent  to  varying 
amounts  of  muscular  activity.  In  general,  the  nervous,  restless 
animal  will  have  a  higher  maintenance  requirement  than  the  quiet, 
phlegmatic  one.    Thus  the  table  on  page  40  shows  that  Armsby  and 

>BureRD  of  Anlnml  InduBtry.  BulletliiB  Dl,  74,  101,  and  128. 
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Fries's  steer  A  had  in  every  case  a  materiaUy  lower  maintenance 
requirement  than  steer  B,  even  when  the  results  were  corrected  to  an 
equal  number  of  hours  standing  per  day.  Computed  per  1,000  pounds 
live  wei^t  and  corrected  to  12  hours  standing,  the  results  for  avail- 
able energy  were  as  follows : 

Available  energv  required  for  mainlenam^ — Anniby  and  Priet, 


StMTA. 

BMrB. 

Tknm,. 
4.» 

"^«, 

Steer  B  was  an  animal  of  rather  pronounced  dairy  type  and  of  a 
nervous  disposition,  and  in  all  probability  his  higher  maintenance  re- 
quirement is  to  be  ascribed  to  this  fact.  There  can  be  little  doubt 
that  temperament  is  an  important  factor  in  determining  the  main- 
tenance requirement  and  that  there  may  be  a  considerable  range  of 
individual  differences  in  this  respect. 

Similarly,  any  conditions  tending  to  affect  the  degree  of  muscular 
activity  will  also  tend  to  affect  the  maintenance  requirement.  The 
steer  confined  in  a  stall,  for  example,  is  likely  to  take  less  muscular 
exercise  and  therefore  to  require  a  smaller  amount  for  maintenance 
than  one  simply  confined  to  a  pen  or  an  open  yard.  The  animal 
comfortably  bedded  and  thereby  induced  to  spend  much  of  his  time 
in  lying  down  will  consume  a  smaller  portion  of  his  feed  for  mainte- 
nance than  one  kept  under  less  comfortable  conditions.  Any  sort  of 
excitement  is  likely  to  cause  increased  muscular  activity  and  corre- 
spondingly increased  consumption  of  food  for  maintenance. 

CONniTION. 

Thecondition  of  an  animal — that  is,  the  amount  of  adipose  tissue 
carried — seems  to  influence  the  maintenance  ration,  at  least  in 
the  case  of  cattle.  This  point  was  first  investigated  by  Kellner.* 
His  average  result  for  three  fat  cattle,  as  shown  in  the  table  on 
page  48,  is  considerably  higher  when  computed  to  the  same  live 
weight — that  is,  per  unit  of  surface — than  that  for  the  seven  lean 
animals,  viz : 

Onffltteoed 10. 87  tbermB  metabollzable  pnergy  per  1,000  pounds  live  welgbt. 

Fattened 16. 05  therms  metaboliaible  energy  per  1,000  pounds  live  weight 

Only  one  animal,  however,  was  common  to  the  two  groups,  viz, 
steer  B,  the  results  on  which  were  excluded  from  the  average  of  the 
unfattened  animals  on  the  ground  that  it  was  abnormally  high,  since 
the  animal   never  lay  down  during  the  experiments.     Curiously 


1  Die  I^ndwlrtich lichen  V»nacbi-8tatlon«n,  ^ 


oogle 


68  MAINTENANCE  RATIONS  OF  FARM   ANIMALS. 

enough,  this  animal  showed  the  lowest  maintenance  ration  of  the 
three  fattened  animals  and,  moreorer,  one  which  is  distinctly  lees 
per  unit  of  computed  surface  than  in  the  unfattened  state,  riz : 

Unfattened 14.72  therms  metabollzable  energy  per  1,000  poundB  live  weight. 

Fatteaed 13. 86  therms  metabollzable  energy  per  1,000  pounds  live  welgbt 

No  other  respiration  ipperiments  upon  the  relative  maintenance 
requirements  of  fattened  and  unfattened  animals,  are  on  record. 
Eward's  live-weight  results,  however,  as  given  in  the  table  on  page 
47,  appear  to  confirm  Kellner's  conclusion  that  the  relative  mainte- 
nance ration  of  fattened  animals  is  greater  than  that  of  the  same 
animals  unfattened. 

One  obvious  reason  why  the  maintenance  requirement  should  be 
greater  in  the  former  case  is  the  presumably  greater  muscular  effort 
expended  in  standing,  due  to  the  greater  weight  to  be  supported. 
Zuntz  and  Hagemann  in  experiments  upon  the  horse  carrying  weight 
on  its  hack  found  that  this  increase  was  proportional  to  the  amount  of 
weight  added.  The  increase  indicat«d  by  Kellner's  averages,  how- 
ever, is  greater  than  would  be  computed  on  this  assumpti<Hi,  and  the 
same  is  true  of  Eward's  fat  animals,  the  difference  becoming  greater 
as  the  animals  become  fatter. 

AGE. 

The  energy  requirement  of  a  young  animal  is  naturally  smaller  per 
head  than  that  of  an  older  animal  on  account  of  the  difference  in 
size.  Whether  there  is  any  difference  in  the  relative  requirements — 
that  is,  in  the  requirement  computed  to  uniform  weight  or  surface — 
is  not  altogether  clear,  few  specific  results  on  farm  animals  being  on 
record.  Eward's  results  on  yearlings,  page  46,  are  somewhat  higher 
than  most  of  the  results  which  have  been  obtained  with  mature 
cattle,  although,  of  course,  these  figures  do  not  refer  to  the  same 
individuals  at  different  ages.  Annsby  and  Fries,'  in  a  series  of  respi- 
ration calorimeter  experiments  upon  the  same  two  animals  in  three 
successive  years,  observed  a  progressive  decrease  in  the  maintenance 
requirement  of  yearlings,  2-year-olds,  and  3-year-olds  when  corrected 
to  a  uniform  number  of  hours  standing  and  computed  to  equal  ex- 
ternal surface  (that  is,  in  proportion  to  the  two-thirds  power  of  the 
weight ) . 

Somewhat  extensive  data  are  on  record  regarding  .the  metabolism 
of  man  at  different  ages.  A  surtlmary  and  discussion  of  these  by 
Tigerst«dt  *  seem  to  show  clearly  that,  leaving  out  of  account  infants 
and  ver}'  aged  persons,  the  metabolism  per  unit  of  surface  diminishes 
from  youth  to  maturity.  In  view  of  the  slow  development  of  man, 
these  results  are  comparable  to  such  as  might  be  obtained  during  the 
first  6  to  12  months  of  the  life  of  ordinary-  domestic  animals  and  for 
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these  Ages  we  have  few  satisfactory  (leterininati<mB  of  the  mainte- 
nance requirement.  The  results  upon  swine  cited  on  previous  pages 
seem,  it  is  true,  to  indicate  the  contrary  relation,  -viz,  a  lower  relative 
maintenance  requirement  tor  young  animals.  These  results,  how- 
ever, are  based  upon  live-weight  experiments  and,  as  already  noted, 
are  possibly  lower  than  the  true  maintenance  ration. 

If  it  be  true  that  the  maintenance  rations  of  young  animals  are 
relatively  greater  than  those  of  older  ones,  ne  may  fairly  presume  it 
to  be  due  to  a  considerable  extent  to  the  greater  amount  of  muscular 
activity  usually  exhibited  by  young  animals. 

EXTEHNAL  TEMPEBATTRE. 

Farm  animals  belong  to  that  general  class  known  as  warm-blooded 
or  homoiothermic  animals,  whose  bodies  maintain  a  nearly  constant 
temperature  during  health,  regardless  of  that  of  their  surroundings 
unless  the  latter  be  extreme,  in  which  case  death  soon  results. 

RaaULATlOIT   OP    BODY    TEUPEBATUBE. 

Obviously,  the  regulating  niechaniijtn  which  maintains  a  constant 
temperature  in  spite  of  variations  in  the  heat  production  of  the  body 
and  in  the  temperature  of  its  surroundings  must  be  very  efficient 
.and  very  exactly  adjusted.  The  regulation  is  effected  in  general  in 
two  ways,  which  may  be  called,  respectively,  physical  and  chemical 
regulation. 

The  heat  of  an  animal  escapes  from  the  surface  of  tne  body  chieQy 
through  the  skin,  but  to  some  extent  also  through  the  air  passages, 
being  removed  both  by  conduction,  by  radiation,  and  by  the  evapora- 
tion of  water.  A  rise  of  external  temperature  tends  to  check  the  out- 
flow of  heat  exactly  as  it  would  in  the  case  of  an  inanimate  body. 
This  tendency  is  compensated  by  a  nervous  reflex,  which  allows  the 
capillary  blood  vessels  of  the  skin  to  enlarge  so  that  more  blood  flows 
through  them,  thus  tending  to  raise  the  temperature  of  the  surface 
and  increase  the  outflow  of  heat.  This  phenomenon  is  readily  ob- 
served in  the  flush  which  follows  exposure  to  high  temperatures.  This 
method  of  regulation  is  analogous  to  opening  the  windows  of  a  room 
to  cool  it.  If  the  external  temperature  continues  to  rise,  perspiration 
appears,  or  in  the  case  of  animals  that  have  no  sweat  glands,  like  the 
dog,  a  peculiar  form  of  breathing  sets  in,  and  relatively  large  amounts 
of  water  are  evaporated  from  the  skin  or  from  the  tongue  and  the  in- 
terior of  the  mouth  and  throat.  In  this  way  large  quantities  of  heat 
are  carried  off  as  the  latent  heat  of  evaporation  of  water,  somewhat  as 
an  overheated  room  may  be  cooled  by  sprinkling  the  floor.  TXTien  the 
external  temperature  falls  again,  the  process  is  reversed.  Sensible 
perspiration  decreases  and  the  blood  is  diverted  from  the  capillaries 
of  the  skin  to  the  internal  capillaries.    If  this  happens  too  quickly,  it 
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may  even  lead  to  congestion  of  the  latter.  The  process  is  analogous 
to  the  closing  of  the  windows  of  a  room  as  the  weather  grows  colder. 
There  is  evidently  a  limit  to  this  method  of  regulation.  If  the 
windows  are  entirely  closed  nothing  more  can  be  effected  in  this 
maimer,  and  if  the  weather  continues  to  grow  colder  the  fire  in  the 
room  must  be  increased.  So  if  the  external  demand  for  heat  becomes 
so  great  as  to  exceed  the  limits  of  adjustment  in  the  body  more  fuel 
material  is  kat&holized — that  is,  more  heat  is  produced.  This  was 
first  demonstrated  by  Carl  Voit,  who  obtained  the  following  results 
for  the  excretion  of  carbon  dioxid  by  a  man  at  various  temperatures: 

Influence  of  external  temperature  ort  metaboUtm  of  man — Carl  Voit, 
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Later  and  more  compreb^ialve  exi)ertiuente  wltb  nolinalB  by  Rubner  bare 
given  correepoDdlDg  FeeuttB.  Tbitu  wltb  two  guliieii  pigs  tbe  following  figures 
were  obtained  In  24-bour  exiwrimeiits :' 


Influence  of  external  tem-perature 
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A  later  experiment  lij  Rubner '  upon  n  dog.  In  wbiob  tbe  heat  production  v 
luensured  by  n  calorimeter,  gave  the  following  reeults; 


1  BlologlBche  Oeeetze,  p.  13. 


■Archlv  fUr  Hj-Klene,  vol.  11.  p,  ! 
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CRITICAL  TBUPEKATnil: 

It  is  clear  from  the  foregoing  results  that  when  the  external  tem- 
perature falls  below  a  certain  limit  the  heat  production  of  the  animal 
shows  a  marked  increase.  This  point  at  which  the  physical  regula- 
tion gives  way  to  or  begins  to  be  supplemented  by  the  chemical  regu- 
lation has  been  called  the  "critical  temperature"  for  the  animal. 
Above  this  temperature  the  radiating  capacity  of  the  body  surface 
is  varied  to  meet  the  varying  conditions;  below  it  this  method  of 
regulation  is  largely  exhausted,  and  therefore  the  heat  production 
is  varied  to  suit  the  needs.  This  latter  so-called  chemical  regulation 
is  probably  effected  largely  in  the  muscles,  either  by  visible  motion 
or  by  increase  in  the  muscular  tonus,  either  of  which  involves  an 
increased  heat  production.  Thi^  has  been  clearly  shown  to  be  true 
of  man  and  probably  applies  also  to  other  animals.  Above  the 
critical  temperature  there  appears  to  be  a  slight  increase  in  the  heat 
production  with  rising  tonperature,  probably  due  to  the  additional 
eneT;g7  required  for  the  various  processes  of  physical  regulation. 

Any  conditions  tending  to  facilitate  the  escape  of  heat  from  the 
body  would  obviously  act  like, a  fall  of  temperature.  Wind,  for  ex- 
ample, by  removing  the  layer  of  partially  warmed  air  next  to  iho 
skin,  tends  to  remove  the  heat  more  rapidly  from  the  body,  so  that 
the  cold  is  felt  more  severely  on  a  windy  day,  while,  on  the  other 
hand,  the  effect  of  a  high  temperature  is  modified  by  wind.  A  high 
percmtage  humidity  of  the  air  on  a  warm  day  hinders  the  removal  of 
heat  by  evapiH^tion,  so  that  a  moist  heat  i:^  more  trying  than  a  dry 
heat.  Cold,  moist  air,  on  the  other  hand,  facilitates  the  escape  of  heat 
from  the  body  by  increasing  the  conducting  power  of  the  clothing, 
hair,  or  fur,  so  that  a  damp  cold  is  more  severe  than  a  dry  cold.  The 
direct  rays  of  the  sun  may  impart  a  considerable  amount  of  heat  to 
the  body,  thus  moderating  the  effect  of  low  temperature  and,  on  the 
other  hand,  increasing  that  of  high  temperature. 


For  the  sake  of  simplicity,  the  foregoing  paragraphs  have  dealt 
espe<aally  with  the  case  of  the  fasting  animal,  neglecting  one  im- 
portant source  of  heat,  viz,  the  consumption  of  feed.  As  was  shown 
on  pages  1&~28,  the  latter  results  in  increasing  the  katabolism  of  the 
body,  and  whether  this  be  considered  the  result  of  the  work  of  digestion 
or  simply  designated  as  specific  dynamic  effect,  the  fact  is  established 
beyond  question.  This  heat,  however,  once  generated,  while  unavail- 
able for  the  physiological  processes  of  the  body  is  just  as  useful  as  ex- 
ternal heat  for  keeping  it  warm.  In  otlier  words,  the  consumption  of 
feed  will  tend  to  have  the  same  effect  as  a  rise  of  external  tempera- 
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ture.  Tliis  being  the  case,  it  is  clear  that  at  temperatures  ctwisider- 
ablf  below  the  critical  temperature,  all  the  metaboUzable  energy  of  the 
feed  will  be  of  use  to  the  body.  Part  of  it  will  be  available  for 
physiological  uses  as  already  explained,  but  the  remainder,  while  not 
available  in  this  !%nse  will  nevertheless  be  of  use  as  a  source  of  heat. 

180DrNAIIIC  BEFLACBMENT. 

It  was  upon  his  earlier  experiments  (published  in  1883)  made  un- 
der substantially  the  conditions  just  indicated  that  Kubner  based 
his  famous  law  of  isodynamic  replacement  of  nutrients  which  has 
played  a  large  part  in  the  discussion  of  nutrition  problems.  This 
law  may  be  briefly  stated  as  follows:  In  amounts  less  than  a  main- 
tenance ration  the  nutrients  replace  each  other  or  body  tisane  in  in- 
verse proportion  to  (heir  Tnetaholisahle  energy.  The  quantities  which 
thus  replace  each  other  are  accordingly  said  to  be  isodynamic.  It 
need  scarcely  be  pointed  out  that  the  minimum  of  protein  required 
for  the  maintenance  of  the  nitrogenous  tissues  is  not  included  under 
this  law.  Rubner  was  careful  to  limit  the  law  to  small  amounts  of 
food.  In  his  earlier  publications  he  stated  that  it  holds  only  below 
the  maintenance  ration;  somewhat  later  he  asserted'  that  it  obtains 
up  to  an  excess  of  about  50  per  cent  over  the  maintenance  requirement. 

These  results  of  Eubner's  have  passed  into  the  literature  of  physi- 
ology and  are  still  largely  interpreted  as  representing  the  relative 
values  of  nutrients,  while  Rubner's  factors  for  the  metabolizable 
energy  of  nutrients  hare  been  extensively  used  in  computing  the 
energy  values  not  only  of  human  dietaries  but  of  stock  rations  as 
well.  Historically,  Buhner's  earlier  investigations  mark  an  epoch 
in  the  science  of  nutrition.  While  similar  views  had  previously 
been  advanced  by  others,  Rubner  appears  to  have  been  the  first  to 
investigate  the  subject  experimentally.  The  conception  that  the 
replacement  values  of  the  nutrients  could  be  measured  by  the  rela- 
tive contributions  of  energy  which  they  make  to  the  activities  of 
the  body  wa.s  a  contribution  of  the  first  order  to  the  study  of  nutri- 
tion problems,  but  the  exact  form  given  it  in  these  earlier  experi- 
ments proves  to  have  been  but  a  partial  expression  of  the  truth,  as 
Rubner's  own  later  experiment,  as  well  as  those  of  others,  have  fully 
demonstrated.     (Compare  pp.  2ft-28,) 

RELATION     OF     MAINTEKANCE    KATIOK    TO    CBITICAL    TEMPEaAVUBB. 

When  its  sun-oundings  are  above  the  critical  temperature,  the 
animal  is  producing  a  surplus  of  heat  as  a  consequence  of  its  neces- 
sary physiological  activities  and  disposes  of  it  by  the  processes  of 

'  BialoglrKhr  Ovoptic.  p.  2D. 
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physical  regulation  already  described.  Hie  heat  produced  is  then  in 
a  sense  an  excretum,  and  under  these  conditions  obviously  the  ex- 
ternal temperature  does  not  materially  affect  the  maint^iance  ration. 
The  latter,  as  already  shown,  is  measured  by  the  amount  of  available 
energy  necessary  to  support  the  vital  processes,  i.  e.,  by  the  total 
fasting  katabolism. 

Below  the  critical  temperature,  however,  the  conditions  are  differ- 
ent. At  relatively  low  ten^eratures  all  the  metabolizable  energy  of 
the  feed  is  used  directly  or  indirectly  to  keep  the  animal  wann,  and 
as  the  external  temperature  falls,  either  more  feed  must  be  given  or 
more  tissue  burned  to  supply  the  additional  heat  required  to  main- 
tain the  body  temperature. 

ixn>  coRBTiitPTioir  lowers  the  critical  temperatdbe. 

Since  feed  consumption  is  itself  a  source  of  heat,  the  animal  con- 
suming feed  can,  other  things  being  equal,  withstand  a  lower  tem- 
perature than  when  fasting,  and  the  larger  the  amount  of  feed 
consumed  the  lower  is  the  correspcmding  temperature.  The  matter 
may  also  be  put  in  the  reverse  way.  For  any  particular  (low)  tem- 
perature there  is  a  certain  amount  of  feed  the  digestion  and  assimila- 
tion of  which  will  yield  an  amount  of  heat  sufficient  to  supplement 
that  derived  from  the  fasting  katabolism,  so  as  to  just  maintain  the 
body  temperature.  This  particular  external  temperature,  then,  is 
the  critical  temperature  for  that  amount  and  kind  of  feed,  and,  con- 
versely, that  particular  ration  may  be  called  the  critical  amount  of 
feed  for  the  particular  external  temperature. 

CBITICAL  TEUPBBATUBE  FOB  FASU   AniUALS. 

The  critical  tonperature  for  farm  animals  has  not  been  definitely 
determined.  In  the  case  of  cattle  and  probably  of  sheep,  however,  it 
is  apparently  rather  low  for  animals  consuming  an  ordinary  ration. 
Thus  Armsby  and  Fries  have  found  that  at  about  18°  C.  the  ration 
of  cattle  can  be  reduced  considerably  below  the  maintenance  require- 
ment without  any  evidence  of  increased  oxidation  of  tissue  for  the 
sake  of  heat  production.  In  the  case  of  fattening  animals  consuming 
heavy  rations  and  therefore .  producing  a  large  amount  of  heat  as  a 
result  of  digestive  work,  the  critical  temperature  would  be  still  lower 
and  exp^iments  upon  such  animals  have  shown  that  they  may  be 
exposed  to  cmnparatively  low  temperatures,  as  in  an  (^n  shed  or 
yard,  without  causing  them  to  oxidize  any  more  food  material.  As 
already  stated  (p.  56)  the  critical  temperature  for  the  horse  appears 
to  be  relatively  higher. 
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THE  PBOTEIN  RBQUmSKBHT  FOB  KAXHTSNANCB. 

PBOTEIN  KATABOUZED  DUHINQ  FASTINO.' 

It  has  already  been  shown  on  pages  11-12  that  in  the  previously 
well-nourished  fasting  animal  the  katabolism  of  protein  supplies 
hut  a  small  part  of  the  total  energy  required  for  the  support  of  the 
vital  functions.  As  a  preliminary  to  the  consideration  of  the  protein 
requirement,  however,  some  further  consideration  of  the  protein 
katabolism  during  fasting  is  desirable. 


The  classic  experiments  of  Carl  Voit  upon  fasting  dogs  showed 
that  while  the  protein  katabolism  in  the  early  days  of  fasting  may 
vary  widely  according  to  the  previous  feed,  it  soon  falls  to  a  com- 
paratively low  level  which  is  approximately  the  same  for  the  indi- 
vidual animal  whatever  its  amount  upon  the  initial  days.  This 
behavior  is  well  illustrated  by  the  following  results,  all  up<m  the 
same  animal,  which  have  been  fully  confirmed  by  numerous  subse- 
quent experiments.' 

Fmlrin  katabolUm  of  fatting  dog — VoU. 
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KATABOLISM 

It  is  not  true,  however,  as  is  sometimes  loosely  stated,  that  the 
protein  katabolism  of  a  fasting  animal  is  a  constant  quantity.  On 
the  contrary,  in  the  presence  of  an  adequate  amount  of  body  fat,  its 
amount  tends  to  diminish  with  the  progress  of  fasting.  This  ifact 
appears  more  or  lefis  clearly  in  the  foregoing  experiments,  while  in 
Inter  ones  it  is  quite  marked.    For  example,  in  the  experiments  by 
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Ucr  piperlmcnts  uimD  the  protein 
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tnoDly  tnkpn  nti  the  mpsRure  o(  protein  kKtnbollBtn.     Loter  eiperlaice  hai  ihowu  thai 

!■  eo  DMrly  proportional  to  tlie  total  urinary  nitromn  that  the  mnltB  aa  given  above  are 
enllrelj  adequntc  ai  nn  iUualmtloD  or  the  point  under  dtaouaalon. 
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Benedict,  cited  on  page  15  in  illustration  of  the  relative  constancy  of 
the  energy  katsbolism,  the  total  protein  katabolism  showed  a  distinct 
falling  off,  and  the  same  is  true  in  less  degree  when  computed  per 
kilt^ram  weight.  The  total  urinary  nitrogen  upon  the  several  days 
of  the  experiment  was: 

Protein  katabolism-  of  fatting  tnan — Benedict. 
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R.  and  O.  Fretind  *  determined  the  dallf  Dttrogen  excretion  of  Succl,  a  pro- 
feMlooal  faster,  with  the  following  reflult^: 


Protein  kalabolitm  of  fatting 
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A  similar  phenomenon  wns  observed  b;  Mlcbaud  In  c\i>erlnieiitB  on  the  rela- 
tive value  of  proteins  described  on  a  Bubsegucnt  page.  A  dog,  after  44  days  ab- 
Btincnce  from  protein  (16  days  without  food  followed  by  2S  ou  nonnltrogenous 
food),  excreted  daily  1.42  grame  nitrogen.  The  same  d<^  after  prolonged  feeding 
npon  low  protein  rations,  however,  ^owed  In  a  three-days  fast  an  average  dally 
excretion  of  only  0.05  grams  nltrogea.  On  the  other  hand,  however,  as  already 
pointed  out,  the  fasting  protein  katabolism  may  show  h  very  marked  Increase 
with  tbe  progress  of  fnstlng  In  the  absence  of  h  sufficient  store  of  body  fat. 
It  appears,  then,  that  in  fasHng  the  protein  katHbollsm  is  much  more  variable 
In  amount  than  the  total  katabolism,  and  this  fact  must  be  remembered  in  any 
discuBSloa  of  the  protein  requirement. 

THE    MINIMTTH  OF  PROTEIN.^ 

It  is  evident  that  the  comparatively  small  amount  of  protein  kata- 
bolized  in  the  fasting  animal  so  long  as  its  store  of  fat  is  reasonably 
abundant  is  at  least  all  that  is  absolutely  essential  to  the  vital 


>  cited  b;  LoBk. 


of  the  BubjMtB  or  this  and  succ«edlne  paragraph!, 
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processes,  since  the  latter  go  on  for  a  considerable  time  in  a  sub- 
»tantialiy  normal  manner.  Th«  question  at  once  arises  whether  this 
fasting  katabolism  represents  the  amount  of  digestible  protein  which 
must  be  supplied  in  the  feed  in  order  to  maintain  the  protein  tissues 
of  the  body. 


In  the  first  place,  it  is  to-  be  remarked  that,  as  just  shown,  the 
protein  katabolism  during  fasting  is  by  no  means  a  fixed  and  definite 
quantity,  but  may  vary  even  in  the  same  individual  within  quite 
wide  limits  both  absolutely  and  as  regards  the  proportion  of  the 
total  energy  requirement  which  is  supplied  by  it.  From  the  results 
cited  on  pages  12-13,  it  is  evident  that  a  most  important  factor 
influencing  the  fasting  katabolism  is  the  stock  of  fat  in  the  body 
and  that  when  the  latter  is  reduced  protein  is  katabolized  for  the 
sake  of  its  energy.  In  other  words,  a  iack  of  readily  available  non> 
nitrogenous  matmat  in  the  body  tends  to  increase  the  protein 
katabolism  above  its  minimum  value.  Evidently,  then,  in  seeking 
to  determine  the  minimum  amount  of  protein  required  for  main- 
tenance, the  food  given  should  contain  a  liberal  supply  of  non- 
nitrogenous  nutrients  to  supply  the  necessary  energy  for  the  animal, 
since  otherwise  there  is  danger  that  the  protein  will  be  katabolized 
for  this  purpose,  resulting  in  an  apparent  increase  of  the  maintenance 
requirement. 


In  tbe  early  experiments  upoD  this  subject,  especially  those  of  Volt,  the  full 
signiflcaace  of  this  fnct  had  uot  been  recognized.  His  ^perlmcnts,  in  which 
Increasing  amonnts  of  protein  alone  were  fed  (compare  p.  78),  showed  thnt 
protein  equal  to  two  and  a  half  to  three  times  the  fasting  IcataboIlHn  was 
iiecesBary  to  reach  nltrogea  equlllbrlnm,  and  tble  resnlt  was  generalized  and 
passed  curroit  for  a  considerable  ttiii& 

Munk*  seems  to  have  been  the  first  to  challenge  this  view  and  to  claim  not 
only  that  an  amount  of  protein  equal  to  that  katabolized  during  fasting  is 
adequate,  but  that  with  an  abundant  supply  of  nouDltrogaiouB  material,  espe- 
dally  carbohydrates,  In  the  feed  a  notably  smaller  amount  of  protein  Is  auffl- 
clent  to  maintain  the  nitrogen  balance.  Munk'a  experiments  either  Include  no 
comparison  with  the  fasting  kataboUun  of  the  same  animal  or  a  comparison 
not  in  all  respects  satisfactory,  but  they  show  clearly  that  nlttogea  equilibrium 
was  malntnlned  on  a  supply  of  protein  lesa  than  that  usually  found  to  be 
katabolized  in  similar  fasting  animals. 

Oil  the  other  hand,  extensive  experiments  by  Volt  and  Korkanoff*  on  dogs 
ted  these  esperlmeuters  to  nn  opposite  conclnsliH).  Starting  with  a  ration 
deBctent  in  protein  but  containing  s  very  ll))eral  aupply  of  nonnltrogenoas 
nutrients,  tlie  protein  of  the  feed  was  gradually  Increased  until  an  amount  was 

•TirctioiT'B  Archiv  fflr  Pathologliche  Anstomie  und  PhfHtoiacle  und  fQc  KllnUche  Hedl- 
zln,  Tol.  101,  p.  SI ;  vol.  133.  Sapp. ;  vol,  132,  p.  91.  Archiv  tOr  (Anstomie  uml)  rhrsl- 
oloKle,  1896,  p.  183. 

'  KeitBchrltt  tUr  Biologle,  vol.  32,  p.  B& 
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reached  aufficirat  to  produce  eqallibrtum  betwem  tbe  locome  and  outgo  of 
nitrogen.  Two  series  of  experlmeats  were  performed.  In  one  of  wblcli  tbe  uon- 
nltroKenous  nutrients  consisted  cbleflj'  of  fat,  nad  another  In  which  they  con- 
sisted of  carbobjdrates.  Considering;  onl;  those  exiierlnients  In  which  the  feed 
consumed  was  more  than  sufitctent  in  amount  to  suiipl;  the  estimated  demand 
of  tbe  body  fur  extergy.  It  was  found  that  when  the  nonnltrogeuoua  nutrients 
conaiHted  of  fat  the  nitrogen  ([iroteln)  of  the  feed  had  to  be  increased  to  ap- 
proximately 130  per  cent  of  the  amount  katabollzed  la  fnBClng  t>efore  nitrogen 
equilibrium  was  reached — that  Is,  before  tbe  stock  of  body  [iroteln  was  main- 
tained. When,  however,  the  energy  demauda  of  the  body  were  anjiplled  by 
<«rbohydratea  Instead  of  fats,  a  supply  of  nitrogen  (protein)  la  tbe  feed  equal 
to  or  even  somewhat  leas  than  the  amount  katabollzed  In  fasting:  auiflced  to 
losnrfl  oltrogea  equilibrium.'  Cremer  and  Henderson,*  in  experiments  on  a 
dog  with  a  ration  estimated  to  supply  tbe  necessary  energy  for  maintenance, 
were  unable  to  maintain  nllrogen  equilibrium  on  even  as  small  an  amount  as 
did  Volt  and  Korkunoff. 

In  tbe  case  of  man,  on  the  other  band,  numerous  experiments  seem  to  bsve 
demonstrated  that  an  amount  of  feed  protein  notably  lass  than  tbe  ordinary 
fasting  kataboliem  is  BuScleot  to  maintain  nitrogen  equilibrium,  although 
even  In  this  case  the  comparison  In  nearly  every  case  la  with  the  average 
fasting  katabollsm  and  not  wltb  that  of  the  Individual  under  experlmmt. 
Thla  average  for  man,  however,  has  been  well  established  by  numerous  experi- 
ments and  seems  not  to  vary  widely  for  Individuals,  while  In  Benedict's  ex- 
perlments*  upon  nutrition  after  fasting  a  material  diminution  of  the  protein 
katabollsm  of  tbe  subject  was  observed  on  tbe  second  and  third  daya  In  every 
case  tbe  body  loat  protein,  but  In  experiments  70  and  74  there  was  a  storing  up 
of  energy. 

Protein  kataboltitm  durtng  and  after  fa»tlag.' 


Another  Actor  wblcb  must  be  taken  Into  conalderstlon  In  fixing  tbe  minlmun) 
of  protein  Is  what  may  be  called  the  tine  element.  Rubner  calls  attention 
to  the  fact  that  if  tbe  proton  of  tbe  ration  Is  consumed  at  a  single  meal  tbere 
may  be  for  a  time  a  anrplna  of  protein  or  its  digestive  productB  In  tbe  ayBtem, 

'  Volt  and  Eotkmioff  put  ■  diCerent  iDterprctatlon  upon  Iheir  rcsutta,  baatiis  it  upon 
tbe  fact  tbat  a  certain  portion  of  tbs  urinnr;  nitrogen  is  derlTcd  From  the  nitrogmoUB 
extractives  of  the  fleRh  metaboiiied  in  the  bodj.  Compare  tbe  account  of  tbelr  eiiwri- 
mentB  in  the  writer's  Principles  of  Animal  Nutrition,  pp.  135-13D. 

•Zeltscbrlft  fflr  Slologle.  vol.  12,  p.  612. 

■  Loe.  cit.,  pp.  1S6  and  629. 

•Tbe  odd-numhered  eiperimsnta  wore  the  fnatlnK  experiments.  The  even-nDinbered  are 
those  in  which  lood  was  given  and  wblch  immediately  lollowed  the  correapondlnx  (astbig 
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while  ot  a  subsequent  period  of  the  day  there  may  be  a  defidaicr  which  will 
be  made  good  by  a  draft  upon  the  proteins  of  the  tissues. 

For  the  purpose  of  this  discussion,  it  is  unnecessary  to  pursue 
further  the  somewlint  complicated  question  of  the  absolute  pro- 
tein minimum  and  it!^  .relations  to  the  fasting  protein  katabolian, 
especially  in  view  of  the  fact  that,  as  has  been  shown,  the  latter  is 
itself  more  or  less  variable.  It  appears  well  established  that  on  a  diet 
containing  an  abundance  of  carbohydrates  a  supply  of  protein 
equivalent  to  the  fasting  protein  katabolism  is  sufficient  to  meet  the 
needs  of  the  organism,  while  it  is  possible  that  a  less  amount  will 
suffice.  Fats  appear  to  be  distinctly  less  efficient  than  carbohydrates 
in  keeping  the  protein  katabolism  at  the  minimum.  Precisely  why 
this  is  tlie  case  has  not  been  fully  made  out,  although  Landergren ' 
has  advanced  the  explanation  that  a  minimum  of  carbohydrates  is 
essential  to  the  chemical  processes  of  metabolism  and  that  when  a 
sufficient  amount  is  not  supplied  in  the  feed,  protein  is  kataboiized 
for  the  sake  of  producing  carbohydrates,  with  the  result  that  on  a 
low  protein  diet  nitrogen  katabolism  is  increased.  In  any  case,  it 
is  clear  that  the  protein  requirement  upon  a  mixed  ration  sufficient 
in  quantity  is  comparatively  small. 

EFFECT  OF  SURPLUS  OK  PROTEIN. 


But  while  a  relatively  small  quantity  of  digestible  protein  is  suffi- 
cient, in  the  presence  of  an  abundant  supply  of  fuel  material,  to  main- 
tain the  body  in  nitrogen  equilibrium,  an  increase  of  the  feed  protein 
above  this  minimum  does  not  result  in  any  large  or  long-continued 
gain  of  protein  tissue  by  the  mature  animal,  but  causes  a  correspond- 
ing increase  in  the  protein  katabolism,  as  is  shown  by  the  prompt 
increase  in  the  amount  of  nitrogen  excreted  in  the  urine. 

This  fact  WBB  demonBtratpd  more  than  60  years  ago  by  C.  Volt,  In  collabora- 
tion at  first  with  Blschoff  *  nud  later  alone  and  wltli  Peltealtofer,'  In  experlnioite 
on  carnivorous  animals,  and  nimost  inmimerabie  subsequent  Investigations  have 
shown  that  tt  Is  true  not  only  of  these  animals,  but  of  man  and  of  herbivorous 
nnlmalB  as  well.  The  protein  katabolism  Is  determined  chlefiy  by  the  supply 
uf  digestible  protein  in  the  feed,  and  the  body  comes  quite  promptly 
Into  equilibrium  with  any  amount  above  the  maintenance  requirement  which 
CSQ  tie  consumed,  the  nitrogen  of  the  excreta  substantially  equaling  that  of  the 
feed.  This  is  well  Illustrated  by  the  following  selection  from  BlschoD  and 
Volt's  results  uiwn  a  dog,'  tirranged  In  the  order  of  the  amount  of  protein 

'  Jahreabericht  Uber  die  Forechrltte  der  Tler-Chemie,  vol.  32,  p.  68B. 

■  CeHtK  der  EmObrung  des  FlelBCbfresseri,   1860. 

•Published  chleflj'  in  Ibe  ADnalni  der  Chemle  und  Pbarmacle  and  the  ZeltschrUt  tar 
BloLogie.  Bee  also  Vail :  "  Pby9lo)ogIe  dee  StolTwecbMla,"  in  HersuDD'a  Baii<n>ucb  der 
Physiologic. 

*  Volf  8  compUfttioD,  Zellschrlfl  (Or  Blologie,  vol.  8,  p.  6. 
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DoXly  protein  katabollmt  of  dog — BUchoff  awl  Volt. 
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Moreover,  what  bna  been  iihowii  to  be  true  ot  an  excluRlvely  protein  diet  1h 
Btib8taDti«llf  trne  alw  of  one  contalnlnK  liberal  amountB  of  fats  or  carbo- 
hydrates. TbuB  In  tbe  followlni;  selectioo  from  BiKboff  and  Volt'B  experlmenta ' 
bearing  Dpon  this  point  it  Is  cletir  that,  uotirlthstandlng  the  presence  of  con- 
iilderable  amonnts  of  fat  In  tbe  f^ed,  tbe  protein  katabolism,  as  measured  b7 
the  urinary  nitrogen,  Increased  substantially  In  tbe  same  ratio  as  tbe  protein 
snpply. 

Datl]i  protein  katabolUm  of  dog — Bitchoff  and  Toil. 
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CamlvorouB  animals  have  been  extensjrel;  used  in  the  Investigation  of  such 
questlODB  as  the  foregoing,  and  otbere  which  are  to  be  discussed  later,  largely 
l>ecauBe  with  tbem  it  Is  possible  to  employ  a  diet  consisting  of  but  one  or  two 
simple  nutrients,  but  tbe  main  facts  which  bave  been  brought  out  by  such  In- 
vestigations have  been  shown  to  be  true  also  of  herbivorous  animals.  In  tbe 
latter,  as  in  the  camlvora,  the  protein  katabolism  Is  determined  cbl^y  by  the 
snppl;  of  protein  In  tbe  feed. 

As  early  as  1852,  eight  years  before  the  pabllcatloii  of  Biscboff  and  Volt's 
Inevsttgations,  Lawes  and  Gilbert.*  In  discussing  the  resnlts  of  therl  fattening 
experiments  upon  sheep  and  pigs,  called  attention  to  the  very  wide  variations 

■Qesetie  der  ErnlbruDg  des  Flelscbfretiwrs,  1860,  pp.  GT~11B. 
■AvcraKe  of  nltrogra  of  Ipbu  meat.  3.4  per  c«nt. 
*Conipnt«d  from  area. 

*B<pt>rt    Biltlih    Association    foe    the    AdvancemeDt    i 
Memoira,  Tol.  II. 
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In  the  nmount  of  protein  consumed,  both  per  unit  of  welgbt  and  eepeclallf 
.per  unit  of  gain,  and  concluded  tbat  tbe  apparent  exceas  of  protein  la  some 
cflsea  muBt  have  Berved  Bubstantlally  for  respiratory  pnrpoBes. 

Of  tbe  numerous  later  end  more  specific  Investlgattoas  on  herblvora  In  whlcL 
tbe  nitrogen  excretion  hHB  been  determined,  tbe  following'  may  aerye  ae  ao 
example.  Two  abeep  were  fed  In  i>erlod8  1  and  7  a  basal  ration  of  hay  and 
barley  meal.  To  tbia  ration  were  added  In  tbe  Intermediate  periods  varying 
amounts  of  nearly  pure  protein  In  the  form  of  conglutln  (or  lupins)  or  of 
flesh  meal.  A  comparison  of  the  nitrogen  digested  from  the  ration  with  the 
urinary  nltrogea  showB  that  the  latter  Increased  and  dlmlnlahed  substanttally 
parallel  with  the  former. 

Protein  kataboUam  of  sheep  per  day  and  head^Henneberg  and  Pfetifer. 
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OF  PBOTEin 


That  the  mere  giving  of  protein  food  can  not  cause  a  large  storing 
up  of  protein  is  indeed  sufficiently  ohvious  from  daily  experience. 
The  muscles  of  the  weakling  can  not  be  converted  into  those  of  the 
athlete  by  feeding  him  upon  a  meat  diet,  nor  the  small  man  increased 
in  size  by  a  very  abundant  protein  supply.  The  protein  tissues  of 
the  mature  animal  have  reached  their  natural  limit  of  size  and  con- 
sequently the  capacity  of  the  body  to  store  up  protein  is  limited.  In 
such  an  animal,  beyond  the  minimum  required  to  make  good  the 
necessary  katabolism  in  the  cells  protein  can  be  utilized  only  to  a 
small  extent  in  the  body  as  protein,  and  it  is  therefore  rapidly 
kataboliaed,  its  nitrogen  appearing  in  the  urine  as  urea  and  other 
familiar  end  products.  Kor  is  the  situation  essentially  diAo^it  in 
the  growing  or  the  milk-producing  animal.  While  these  animals  are 
able  to  utilize  considerable  amounts  of  feed  protein,  yet  the  limit  of 
this  utilization  is  set  by  the  normal  rate  of  growth  of  the  protein 
tissues  or  the  capacity  of  the  mammary  glands  to  manufacture  the 
casein  and  other  proteins  of  the  mUk.  Any  surplus  of  prot«in  over 
the  amount  which  can  be  used  for  this  purpose  is  katabolized  pre- 
cisely as  is  a  surplus  over  the  very  small  demand  of  the  mature 
animal. 


>  HeoDcberg  and  Ftclffcr, 


Jonmal  fQr  LandwIrtBcbaCt,  vol.  38,  p.  21S. 
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Aa  a  single  striking  example  there  may  be  cited  an  experiment  b;  Jordan,''  In 
wblcb  tbe  protein  aupply  of  cows,  beginnlDK  with  a  liberal  ration,  was  gradual); 
dlmlnlsbed  to  aboat  one-half  and  then  gradually  incrensed  again  to  the  original 
amooDt.  The  following  table  ahows  the  average  nitrogen  balance  of  cow  No.  12 
of  the  second  series  of  experiments,  tbe  dally  results  being  grouped  into  periods 
as  indicated. 

Average  iaily  nilrtigen  balance  of  e'lirit — Jordan. 
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Tbe  amount  of  milk  protein,  like  the  total  milk  solids,  diminished  in  quite  a 
normal  way  with  the  advance  In  lactation,  while  the  percentage  of  proton  In 
the  BoUda. remained  about  the  same.  On  the  low  protein  rations  of  tbe  middle 
Iierloda  tbere  seems  to  have  been  some  falling  ofF  in  the  amotmt  of  milk  protein 
produced  (end  of  the  total  milk  solids  as  well)  In  comparison  witb  what  might 
liare  been  expected  on  an  unchanged  ration,  but  the  difference  Is  small,  except 
1q  one  or  two  periods  where  the  protein  supply  reached  the  lowest  limit.  Aside 
from  this  tbe  principal  effect  of  the  variations  In  tbe  amount  of  digestible  pro- 
tein supplied  was  to  Increase  or  diminish  the  amount  of  urinary  nitrogen,  which, 
as  the  table  clearly  Btaows,  ruse  and  fel!  wiib  the  supply  of  nitrogen  in  the  feed. 


This  increased  katabolism  of  protein,  however,  is  not  to  be  re-, 
garded  as  a  total  loss  of  so  much  food  material.  The  manner  in 
which  surplus  protein  is  disposed  of  is  rendered  clear  by  a  considera- 
tion of  the  chemistry  of  protein  katabolism.  Proteins  are  resorbed 
from  the  digestive  tract  in  the  form  of  comparatively  simple  cleav- 
age products,  chiefly  amino-acids,  and  the  body  uses  these  nitroge- 
nous cleavage  products  as  buildiag  stones  out  of  which  to  reconstruct 
body  proteins  broken  down  in  the  vital  processes.  As  has  just 
been  shown,  however,  this  necessary  demand  is  relatively  small,  while 
the  mature  animal  has  lost  the  capacity  which  it  had  during  growth 
of  building  up  large  amounts  of  new  protein  ti.ssiie.  TVlien  the 
blood  is,  so  to  speak,  flooded  with  these  amino-acids  in  high  protein 
feeding,  some  increase  in  the  formation  of  body  protein  appears  to 
result,  an  will  be  shown  immediately,  but  this  consumes  a  relatively 
small  proportion  of  the  nitrogenous  matter  and-  lasts  for  only  a 
limited  time.  It  is  obv-iously  an  advantage  to  the  organism,  there- 
fore, to  be  able  to  dispose  of  the  surplus  nitrogen.  This  it  accom- 
plishes by  splitting  off  the  NH,  group  and  excreting  it  in  the  form 


t  StBtloQ,  Bullptlns  i: 
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of  urea,  etc.,  leaving  a  Donnitrogenous  residue  which  cODtains  the 
larger  portion  of  the  chemical  energy  of  the  protein  which  it  repre- 
sents and  is  in  condition  to  be  oxidized  as  fuel  material.  (Compare 
pp.  30-32.) 

The  increased  nitrogen  excretion  on  a  high  protein  diet  is  simply 
the  method  by  wliich  the  organism  gets  rid  of  useless  nitroRen,  while 
retaining  the  larger  share  of  the  energy  of  the  protein  for  fuel 
purpases.  In  other  words  the  organism  when  confronted  with  a 
protein  supply  in  excess  of  its  needs  is  able  by  what  seems  to  be  a 
comparatively  simple  process  to  transform  it  into  nonnitrogenous 
fuel  material  with  but  slight  loss,  getting  rid  of  the  useless  nitrogen 
as  urea  through  the  urine.  The  increased  nitrogen  excretion  conse- 
quent on  high  protein  feeding  does  not  mean  the  total  destruction 
of  the  corresponding  amount  of  protein,  but  simply  its  transforma- 
tion into  compounds  which  can  serve  as  sources  of  energy. 

STOBAOE  OF  PROTEIN. 

In  the  mature  animal  a  surplus  of  feed  protein  is  largely  katabo- 
lized,  so  that  a  continued  increase  of  the  protein  tissue  of  the  animal 
can  not  be  brought  about,  a?  can  that  of  the  adipose  tissue,  simply 
by  a  surplus  in  the  feed.  Tlie  protein  content  of  such  an  animal, 
however,  is  not  to  be  regarded  as  absolutely  fixed,  so  that  the  protein 
supply  has  no  effect  upon  it.  On  the  contrary,  a  considerable  range 
of  variation  is  possible. 

When  tbe  rroieln  eupiit^  Is  lncrenn«],  nitrogen  equilibrium  is  not  eetabllalied 
at  oace,  but  for  a  time  more  or  lesa  storage  of  nitrogenous  niaterial  takes  place. 
For  Instance,  when  a  dog  In  \'olt's  cx|ierimeuts'  was  cliinippi]  ttom  a  ration 
of  500  grams  of  meat  dally  for  -12  dnys  to  one  of  l.'iOO  griiniK.  Ibe  nrlnHTy  nitro- 
gen sbowed  tbe  following  bebnvlor  on  tbe  last  tbree  days  of  old  feeding  and  on 
tbe  Bret  eeven  of  tbe  new : 

Stiirai/i:  of  protfin  by  dftg — Vtiit. 
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Vpon  tbe  IlKliter  ration  tbe  animal  wna  losilnK  a  email  amount  of  protein 
dally.    On  the  lieniier  ration  there  was  n  dlinlnishlug  gain  for  sis  dnys.  ai)- 
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proxlniBte  egnltlbrlttm  being  reflcbed  on  tbe  Beveotb  dsy.  Tbe  total  gain  In  tbe 
seven  days  was  28.8  grams  nitrogen,  equivalent  to  847  grama  of  fresb  flesb,  or 
abont  12  per  coit  of  tbe  surplus  fed,  equivalent  to  from  3.5  to  4  per  cent  of  tbe 
amount  probably  present  la  tbe  bod;  of  tbe  35-kllogram  dog. 

In  order  to  retain  Uils  protein  which  was  stored  up  In  tbe  body,  however,  It 
was  necesBary  to  continue  the  heavier  ration  of  1,500  grams  of  meat.  When, 
In  previous  periods  of  the  same  serl^  a  ration  of  1,S00  grams  of  meat  was  fol- 
lowed by  one  of  1,000  grams  and  tbls  by  one  of  SOO  grams,  tbe  proton  pre- 
viously stored  up  was  rapidly  katabollzed  agalu,  as  tbe  following  table  sbows: 

Loss  of  protein  by  dog — Vvit. 
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Tbe  total  loss  of  nitrogen  from  tbe  body  for  tbe  12  days  Included  In  tbe 
table  Is  31  grams,  or  an  amount  about  equal  to  that  stored  up  In  passing  from 
the  500-gram  to  tbe  1,500-gram  ration, 

Tbis  comparatively  small  store  of  rapidly  katabollzable  protein  In  tbe  body 
after  liberal  protein  feeding  Volt  designated  as  circulatory  protein.  In  dlsdnc- 
tlon  from  the  large  mass  of  stable  protein  which  lie  called  organ  protein.  A 
variety  of  other  names,  corresi Minding  to  more  or  lens  deflulte  theories  as  to 
tbe  nature  of  the  distinction  between  the  two  tyiN's  of  protein,  have  been  pro- 
posed by  later  InTefrtl gators,  such  as  stable  and  Inblle.  organized  and  unorgan- 
laed,  tissue  and  reserve,  living  and  dead,  protein.  Still  others,  notably  Qruber,' 
explain  the  twnporary  storage  of  nitrogenous  matter  In  the  body  as  due  to  a 
lag  in  tbe  katabollsm  of  protein,  so  that  tbe  splitting  oft  of  Its  nitrogen  is  not 
complete  within  the  ordinary  24-hour  period.  Tbe  facts,  however,  that  tbe 
nitrogen  excretion  follows  In  general  the  aupply  In  tbe  feed  but  that  a  tempo- 
rary and  limited  storage  of  nltrogenoua  material  In  tbe  body  may  result  from  - 
llbetal  protein  feeding,  are  undisputed. 

FLUCTDATI0N8  IN  BODY  PROTEIN. 

It  is  a  familiar  fact  that  a  fas^ting  animal  may  live  and  continue 
to  perform  the  essential  bodily  functions  for  some  time,  while  los- 
ing daily  a  not  inconsiderable  amount  of  protein.  To  cite  a  single 
striking  example,  Rubner  observed  in  a  fasting  rabbit  up  (o  the  time 
of  death,  on  the  nineteenth  day,  a  loss  of  45.2  per  cent  of  the  com- 
puted nitrogen  of  the  body.*    "^^Tiile  this  is  an  extreme  case,  neverthe- 


1  ronpuled  from  nivti. 

'ZeltKbrlft  (Br  Blolottlp,  vnl    4L'.  p. 

•E.  Volt.     ZeltBCbrlft  fUr  BlolOKle.  ^ 
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less  it  is  evident  that  there  must  be  a  relative!;  large  loss  of  bodj 
protein  in  those  more  moderate  cases  in  which  the  deprivation  of 
protein  is  not  continued  so  long  as  to  cause  death.  Furthermore, 
the  losses  occurring  in  these  latter  cases  may  be  made  good  by  subse- 
quent feeding  and  the  animal  restored  to  its  original  state..  Strik- 
ing examples  of  the  same  fact  are  familiar  in  the  human  subject  in 
the  emaciation  due  to  long  illness  and  the  restoration  of  the  body 
during  convalescence.  Piigliese '  has  shown  that  a  similar  storage  of 
protein  takes  place  rather  rapidly  in  the  liver  when  a  previously 
fasted  animal  receives  feed  again.  In  brief,  it  is  evident  that  the 
body  of  the  mature  animal  may  fluctuate  within  somewhat  wide  limits 
as  regards  its  protein  content  without  necessarily  causing  any  serious 
or  permanent  derangement  of  its  functions. 

We  can  hardly  suppose  such  a  fluctuation  to  consist  to  any  large 
extent  of  an  actual  destruction  and  rebuilding  of  the  cells  of  muscu- 
lar or  other  tissue,  but  must  regard  it  as  effected  chiefly  by  changes  in 
the  amount  of  cell  contents— an  alternate  atrophy  and  hypertrophy  of 
the  cells  under  the  influence  of  the  changing  protein  supply.  This 
same  conception  may  be  invoked,  however,  to  explain  small  as  well 
as  large  fluctuations  in  the  body  protein.  According  to  Rubner,* 
the  cells  of  the  body  seek  to  maintain  an  optimum  protein  content, 
and  in  proportion  as  this  becomes  reduced  they  show  a  capacity 
for  storing  up  protein,  when  a  more  abimdant  supply  is  offered  in 
the  feed,  which  is  analogous  to  that  observed  during  growth.  On  the 
other  hand,  when  the  supply  of  feed  protein  is  insufficient,  protein 
previously  stored  may  be  katabolized. 

In  other  words,  as  regards  its  stock  of  nitrogenous  material  the 
organism  may  exist  and  function  at  a  higher  or  lower  level  accord- 
ing to  the  amount  of  protein  supplied  in  the  feed,  while  for  each 
level  of  protein  stock  a  certain  supply  in  tlie  feed  is  necessary — tliat 
is,  the  protein  required  for  maintenance  varies.  With  carnivora  on 
a  largely  protein  diet,  such  as  was  used  in  Voit's  experiments,  the 
adjustment  of  the  bodj'  to  the  protein  supply  seems  to  take  place 
rather  promptly.  In  the  case  of  herbivora,  however,  the  adjustment 
appears  to  he  more  gradual,  possibly  owing  to  the  relatively  large 
supply  of  nonnitrogenous  ingredients  in  their  feed,  and  apparently 
some  gain  of  protein  may  continue  for  a  considerable  time,  althougli 
when  expressed  as  a  percentage  of  either  the  total  feed  protein  or 
of  the  body  protein  the  gain  \n  relatively  small. 

RELATION    TO    ENEROV    SUPPLY. 

The  prime  demand  of  the  organism  is  for  energy  for  the  per- 
formance of  its  vital  functions,  and  if  necessary  it  will  draw  upon 
its  own  tissues  for  this  purpose.     No  clear  conception  of  the  laws 

T-Cbemle,  vol.  34,  p.  020. 
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governing  the  protein  metabolism  can  be  reached  without  taking 
into  consideration  the  energy  relations. 

Ordinarily,  the  non nitrogenous  nutrients  of  the  feed  constitute 
the  principal  source  of  this  energy.  The  proteins,  however,  or  at 
least  the  cleavage  products  of  their  digestion  or  transformation, 
readily  undergo  a  process  of  deamidizatinn  by  which  their  nitrogen 
is  split  off  and  excreted,  leaving  a  noimitrogenous  residue  which  is 
available  as  a  source  of  energy.  It  is  evident,  then,  that  the  rela- 
live  abundance  or  scarcity  of  the  supply  6{  nonnitrogenous  nutrients 
to  the  cells  of  the  body  may  profoundly  modify  the  extent  and 
character  of  the  protein  metabolism  and  consequently  the  magnitude 
of  the  protein  requirement. 

One  instance  of  this  effect  is  the  so-called  premortal  rise  of  the 
protein  kataboHsm  of  the  fasting  animal  when  the  store  of  body 
fat  is  reduced  below  a  certain  level.  (Compare  pp.  12-13.)  Here 
the  relative  deficiency  of  fuel  material  in  the  circulation  causes  an 
increased  breaking  down  of  the  cell  protein,  presumably  by  hydro- 
lytic  cleavage  and  subsequent  deamidization,  its  nitrogen  being 
gotten  rid  of  as  urea,  etc.,  and  the  nonnitrogenous  residue  serving  as 
a  source  of  energy  in  place  of  the  lacking  fat. 

A  precisely  similar  thing  occurs  when  the  nonnitrogenous  nutri- 
ents in  the  feed  are  relatively  deficient  and  is  especially  striking  in 
their  entire  absence.  It  was  pointed  out  on  pages  75-78  that  the 
protein  katabolism  during  fasting  is  at  least  an  approximate  measure 
of  the  minimum  protein  requirement  of  the  body,  and  that  if  this 
amount,  or  perhaps  even  less,  be  supplied  in  the  feed,  along  with 
an  abundance  of  nonnitrogenous  material,  the  stock  of  protein  in 
the  body  may  be  maintained.  But  if  the  experiment  be  made  of 
supplying  the  minimum  of  protein  without  nonnitrogenous  matter 
a  very  different  result  is  obtained. 

Thua  in  one  Buch  experiment  by  E.  Volt  and  Korkuuoff,'  a  fasting  dog 
excreted  about  4  grams  of  nitrogen  per  day,  eqalvalent,  of  course,  to  a.  dally 
loss  of  abont  24  grama  of  body  protein,  while  In  addition  to  tbfa  It  must 
bave  been  oxidizli^  considerable  body  fat.  Wben,  however,  It  was  fed  slightly 
more  tban  24  grams  of  protein*  (4.1  grama  nitrt^en),  with  no  other  feed. 
Its  nitrogm  excretion  Jumped  to  5.56  grams  per  day,  ho  that  It  was  atUl  losing 
dally  1.46  grams  of  nitrogen,  equivalent  to  8.T6  grama  of  protein.  Instead  of 
the  entire  amount  of  protein  in  the  feed  being  applied  to  make  good  the  loaaes 
of  protein  tiasue,  over  one-third  of  It  waa  katabollzed.  Its  nitrogen  appearing 
In  the  urine  and  Its  nonnitrogenous  roaldue  doubtless  being  used  as  fnel 
materia].  Protein  rather  more  tban  eqnal  to  the  8.TQ  grams  lost  waa  then 
added  to  the  ration,  but  again  the  protein  katalKilism  lacreaeed  and  the 
body  failed  to  maintain  Ita  stock  of  protein,  and  it  was  not  until  protein  equal 
to  about  three  times  the  fasting  katabollam  waa  fed  tliat  equilibrium  was 
reached.     The  details  of  the  experiments  are  shown  in  the  fallowing  table. 

>  ZeltKhritt  fllr  Blolosie.  vol.  82,  p.  67. 

■  In  the  form  of  lean  meet  from  whicb  the  extractives  had  been  removed  b7  treatment 
with  water. 
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Ibe  reviilt^  fumlshiug  also  a  eirikiug  illuHtratlon  of  tbe  Interesting  relations 
betweeu  jirotelu  supjily  and  protein  kntaboliBtn  which  had  been  demonstrated 
aiore  than  30  years  earlier  by  tbe  clasalc  experituents  of  Biachoff  and  Volt. 

Effect  of  protein  aappJj)  on  pi-vlein  latabolisin  of  dog — E.  Yoit  and  Korkunoff. 
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It  is  clear  that  in  the  protein-fed  animal,  a&  in  tlie  fasting  animal, 
the  demands  of  the  organism  for  energy  take  precedence  over  the 
need  for  repair  material,  and  that  in  default  of  nonnitrogenous 
material  t)ie  protein  of  feed  or  of  tissue  is  seized  upon  and  katabo- 
lized  for  this  purpose  even  at  the  expense  of  a  loss  of  body  protein, 
the  body  seeming  to  find  it  easier  to  do  this  than  to  draw  upon  the 
stores  of  fat  in  the  adipose  tissues. 

Wliat  is  so  strikingly  true  in  the  total  absence  of  nonnitr(^nous 
nutrients  holds  good  also  in  less  degree  in  case  of  their  relative  de- 
ficiency. If  a  portion  of  the  nonnitrogenous  nutrients  are  withdrawn 
from  a  mixed  ration,  the  protein  katabolism  usually  increases,  while, 
on  the  other  hand,  if  nonnitrogenous  nutrients  be  added  to  such  a 
ration  the  tendency  is  to  diminish  the  protein  katabolism.  This 
well-known  influence  of  the  supply  of  nonnitrogenous  nutrients  upon 
the  protein  katabolism,  even  in  an  abundant  ration,  is  well  illustrated 
by  some  of  Kellner's  respiration  experiments  on  cattle,'  in  which 
starch  was  added  to  a  basal  ration.  The  following  table  shows  the 
average  daily  gain  of  nitrogen  by  the  animal  on  the  basal  ration  and 
the  increased  gain  following  the  addition  of  starch. 

Effeet  of  nonnitropenotts  niilrlenla  on  gain  of  protein  6y  eattXe—Kellnet: 
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It  has  been  shown  that  this  effect  is  produced  not  only  by  the  true 
fats  and  by  the  soluble  hezose  carbohydrates,  such  as  starch  and  the 
sugars,  but  likewise,  in  the  case  of  herbivorous  animals,  by  those  ill- 
known  ingredients  of  feeding  stuffs,  especially  of  the  crude  fiber  and 
the  nitrogen-free  extract,  which  disappear  in  the  passage  of  the  food 
through  the  alimentary  canal  and  which  are  commonly  spoken  of  as 
being  digested.  This  statement  covers  also  the  organic  acids,  whether 
resulting  from  the  fermentation  of  the  carbohydrates  or  contained 
in  the  feed.' 

We  are  not,  however,  to  conceive  of  a.  sharp  distinction  in  this 
respect  between  an  insu£Sciencj  and  a  sufficiency  of  nonnitrogenous 
nutrients,  but  rather  of  a  tendency  on  the  part  of  the  latter  to 
diminish  the  protein  katabolism,  a  tendency  more  or  less  marked 
according  to  their  abundance  in  the  ration.  We  are  not  to  under- 
stand that  no  nitrogenous  material  is  katabolized  for  fuel  purposes 
as  long  as  sufficient  nonnitrogenous  nutrients  are  present  to  supply 
the  demands  for  energy,  nor  that  even  the  largest  quantities  of 
the  latter  can  prevent  the  katabolism  of  protein  supplied  in  excess 
of  the  possible  constructive  use  by  the  body.  We  may  believe  that 
the  protein  cleavage  products,  either  derived  from  the  feed  or  from 
tissue  katabolism,  are  always  present  in  the  blood  and  that  more  or 
less  deamidization  is  continually  going  on,  resulting  in  a  use  of 
protein  material  as  fuel.  On  the  other  hand,  nonnitrogenous  sub- 
stances, derived  from  the  feed  or  the  body  fat,  are  also  present  and 
take  their  share  in  supplying  energy.  We  may  probably  conceive 
of  the  quantitative  character  of  the  katabolism  as  being  determined, 
in  a  very  broad  sense,  by  the  law  of  mass  action.  An  increase  of  non- 
nitrogenous materials  in  the  blood  or  lymph  tends  to  diminish  the 
deamidization  and  subsequent  oxidation  of  the  cleavage  products 
of  protein  and  through  this,  secondarily,  to  diminish  tlie  breaking 
down  of  body  protein  or  to  stimulate  and  prolong  the  limited  storage 
of  protein  possible  in  the  mature  animal. 

As  regards  the  maintenance  requirement,  it  is  evident,  then,  that 
the  sufficiency  of  a  given  amount  of  protein  depends  not  only  upon 
the  plane  of  protein  nutrition  of  the  body,  but  also  upon  the  amount 
of  nonnitrogenous  nutrients  supplied  with  the  protein.  With  an 
abundant  supply  of  the  former  an  amount  of  protein  equal  to  the 
fasting  katabolism,  or  perhaps  even  less,  appears  to  be  a  sufficient 
minimum  for  maintenance.  As  the  supply  of  nonnitrogenous  ma- 
terials is  reduced  a  larger  supply  of  feed  protein  seems  to  be  required 
to  reach  equilibrium  because  more  and  more  of  it  is  diverted  for 
use  as  fuel,  so  that  in  the  total  absence  of  nonnitrogenous  nutrients 
a  large  excess  of  protein  must  be  fed  before  equilibrium  between  in- 
come and  outgo  is  reached.    In  interpreting  experiments  or  formulat- 

t  Compare  Armsbr,  l>rliidploB  ol  .\jilmBl  NulrltLon,  pp.  11T'12T. 
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lug  a  maintenance  ration,  therefore,  it  is  not  sufficient  to  consider 
simply  the  amount  of  protein,  but  account  must  be  taken  of  the 
supply  of  nonnitrogenous  materials. 

VALUE  or  NONPBOTEIN. 

The  crude  protein  of  the  feed  of  farm  animals  includes  not  only 
true  protein  but  a  great  variety  of  other  nitrogenous  substances, 
grouped  for  convenience  under  the  designation  "Nonprotein."  In 
considering  the  results  of  experiments  upon  the  protein  require- 
ments of  these  animals,  therefore,  it  is  necessary  to  determine 
whether  the  true  protein  should  be  the  basis  of  comparison  or 
whether  the  nonprotein  has  some  value  for  maintaining  the  protein 
tissues  of  the  body. 

The  writer  has  recently '  considered  in  some  detail  the  experimen- 
tal evidence  on  this  point,  and  the  discussion  need  not  be  repeated 
here.  It  appears  to  have  been  demonstrated  by  recent  experimental 
results,  especially  by  those  of  Kelluer,  Morgen,  and  the  Laboratory 
for  Agricultural  Research  in  Copenhagen,  that  the  nonprotein  of 
ordinary  feeding  stuffs  is  available  for  the  maintenance  of  rumi- 
nants, probably  indirectly  through  a  conversion  to  protein  by  means 
of  bacteria  in  the  digestive  tract.  On  the  other  hand,  investigations 
have  not  thus  far  shown  that  such  nonprotein  has  any  material  value 
for  production  purposes.  The  writer  therefore  reached  the  conclusion 
that  for  the  present,  pending  further  investigation,  it  is  desirable  to 
consider  ordinarily  only  the  digestible  true  protein  in  the  compu- 
tation of  rations  for  productive  purposes,  ignoring  the  nonprotein. 
This  implies,  however,  that  a  discussion  of  the  results  of  experi- 
ments upon  the  protein  requirement  shall  also  be  based  upon  the 
amounts  of  true  protein  supplied  and  not  upon  the  crude  protein.. 
This  will  have  two  effects. 

First,  it  will  make  the  protein  requirement  appear  smaller  tlian  it 
really  is.  Suppose,  for  example,  that  a  series  of  trials  in  which  the 
ratio  of  digestible  nonprotein  to  digestible  protein  is  1 :  10  shows 
that  nitrogen  equilibrium  is  reached  with  a  ration  supplying  500 
grams  protein  and  50  grams  nonprotein.  Regarding  the  true  protein 
only,  the  maintenance  requirement  is  500  grains,  while  the  real  re- 
quirement of  the  animal  is  550  grams. 

In  the  second  place,  however,  this  error  will  be  largely  compensated 
for  when  the  actual  computation  of  rations  is  also  based  on  the  true 
protein.  Thus  in  the  case  just  supposed,  if  a  maintenance  ration 
be  computed  from  any  feed  or  mixture  in  which  the  ratio  of  non- 
protein to  protein  is  the  same  as  in  the  experiments  frtHU  which  the 
maintenance  requirement  was  deduced,  viz,  1 :  10,  it  is  obvious  that 
the  same  final  result  will  be  reached  whether  the  maintenance  require- 
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ment  be  considered  to  be  500  grams  of  true  protein  or  550  grams  of 
crude  protein.  Only  when  the  proportion  of  nonprotein  to  true  pro- 
tein varies  widely  from  tliat  existing  in  the  rations  used  in  determin- 
ing the  protein  requirement  will  any  significant  error  arise  in  comput- 
ing rations. 

In  the  results  considered  on  succeeding  pages,  both  the  crude  pro- 
tein and  true  protein  of  the  rations  are  stated  when  these  are  given 
in  the  reports  of  the  experiments, 

HINIBIUM  OF  PROTEIN  FOR  FABH  ANIMALS. 

In  considering  the  protein  supply  of  different  species  of  farm 
animals,  it  is  important  to  distinguish  between  two  points  of  view. 
On  the  one  hand,  it  may  be  sought  to  determine  the  least  amount 
of  protein  upon  which  the  protein  tissues  of  the  animal  can  be 
maintained.  This  might  be  called  the  physiological  minimum.  It 
shows  the  proportion  of  protein  in  a  productive  ration  which  is  de- 
voted solely  to  maintenance.  On  the  other  hand,  the  endeavor  may 
be  to  formulate  the  most  advantageous  amount  of  protein  to  supply 
when  an  animal  is  actually  to  be  maintained  for  a  time  and  this 
amount  may  very  possibly  be  greater  than  the  physiological  mini- 
mum. The  first  point  of  view,  however,  is  plainly  the  fundamental 
one  and  should  receive  our  first  consideration.  Having  determined 
the  lower  limit  of  protein  supply,  it  will  then  be  possible  to  consider 
intelligently  the  advantages,  if  any,  of  a  surplus. 


For  obvious  reasons  it  is  impracticable  to  ascertain  the  fasting 
kataboHsm  of  ruminants;  their  maintenance  requirement  as  regards 
protein  must,  therefore,  be  determined  by  a  process  of  trial. 

Tbe  earliest,  and  for  a  long  time  the  only,  detenu inat ions  of  tlie  malntenaEice 
reqnlremeiits  of  cattle  were  those  of  Henneberg  and  Stohmann  In  1858,  tbe 
resolto  of  wblob  as  regards  energy  were  cited  oa  page  39.  In  6  esperimente 
tbe  mlnlmmn  amotint  of  digestible  crude  protein  (total  nitrogen  X  6.25)  sup- 
plied per  day  was  0.36  pound  per  1,000  pounds  live  weight  and  tbls  quan- 
tity seemed  to  be  more  than  sufflcient  for  maintenance.  On  tbe  average  of  the 
6  exp^Unents,  In  2  of  which  there  way  some  loss  of  body  protein,  0.53 
pound  of  dlgeMlble  crude  protein  was  consumed  per  1,000  pounds  live 
weight  WoLtrs  stnndnrd  for  maintenance,  long  current,  viz,  0.7  pound  di- 
gestible crude  protein,  was  based  on  Henneberg  and  Stotmiann'B  experiments 
with  an  allowabce  for  the  fact  that  their  experiments  were  made  at  i<  relatively 
high  temperature.  WoifTs  standard,  bowever,  was  intended  as  a  guide  for 
actual  malntenaace  feeding  rather  than  as  an  expression  of  tbe  minimum 
protein  requirement. 

In  tbe  light  of  later  experience,  tbe  methods  of  these  earlier  experimenta 
must  be  cimBidered  Imperfect  and  their  results  are  now  chiefiy  of  historical 
interest.    The  first  experiments  by  modem  metbods  were  those  of  G.  Ktihn  and 
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Kellner  at  the  Uoeckem  Bxperlment  Statioo,'  wbicb  Include  determlDatloas 
of  the  gala  or  loss  of  fat  aa  well  aa  of  protein  and  beace  afford  a  secure  baeis 
for  Judgment  as  to  tbe  Bnfflclency  of  the  energr  supply.  Including  subsequent 
Bllgbt  corrections  by  Kellner*  the  principal  reaulta  as  regards  protein  are  sam- 
marized  In  the  following  table ; 

Oain  or  Iq»»  of  protein  by  cattle — 0.  Kilhn  and  Kellner. 
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It  the  very  small  loss  of  protein  hy  ox  XX  may  be  regarded  as  falling 
within  tbe  limits  Of  experimental  error,  the  elgbt  esperlinentB  may  be  averaged 
aa  follows: 
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It  appears  that  approximately  0.6  pound  of  digestible  true  protein  or  0.74 
pound  of  crude  protein  per  1,000  pouDds  live  weight  was  at  least  sufficient  to 
rather  more  than  maintain  nitrogen  equilibrium  when  the  total  energy  supply 
In  the  ration  was  sufltclent  to  cause  a  small  gain  of  fat,  while  half  thla  amount 
of  true  protelu  or  0.47  pound  of  crude  protein  was  manlfeatlr  Ineufflclent  A 
reductltm  to  0.35  pound  digestible  true  protein  or  0.S3  pound  digestible  crude 
protein  In  tbe  cases  of  ox  III  and  ox  IV.  eveu  witb  a  sufficient  supply  of  non- 
nltr<%enouB  material  to  cause  some  gain  of  fat,  resulted  In  a  loan  of  protein 
from  the  body,  while  In  the  case  of  ox  B,  with  a  slightly  lower  supply  of  tme 
protein  and  a  materially  lower  one  of  crude  protein  and  a  ratlcm  materially 
below  tbe  maintenance  requirement,  the  loss  of  protein  was  still  greater.  Tbe 
conalderable  loas  of  protein  by  ox  II  la  not  readily  explicable. 

Experiments  upon  the  same  subject  were  also  made  by  tbe  writer '  In  1892- 
189S,  chiefly  upon  ratlona  of  timothy  or  mixed  bay,  with  the  addition  in  Ex.- 
)>erlment  VII  of  stiircb.  but  also,  In  Experiment  VIII.  upon  n  ration  consisting 


■  me  LaudwlrtBcharilichFn  Vprauclis-Statlonpn,  vol.  44,  p.  SGI ;  vol.  4T,  p.  27S. 
'Die  Emlbrung  der  LandwIrtsohaltUche  Xnlitlere.  nib  ed.,  p.  411. 
•Corrected  for  esllmated  low  of  nitrogen  In  drying  of  feces. 
*Ab  reported  la  tbe  origlDal  account  of  tbeae  experiments. 
•  Peanarlvania  Biperlmeat  Station,  Bulletin  42,  p.  166. 
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chiefly  of  grain  together  with  a  minimum  of  whent  straw.    The  results  of  these 
experiments  are  contained  in  the  following  table : 

Nitroffen  balance  per  1,000  pound»  live  leciffht^Armaby, 
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In  Experiments  II,  VI,  VII,  and  VIII  dtgeatlble  crude  protein  ranging  from 
0.44  to  0.67  pound  fully  sufficed  for  molateiiance.  wlih  n  single  esceptlon.  The 
range  of  true  protein  was  eomewlmt  wider,  viz,  0.26  to  0.03  i>ound.  The  rntlons 
of  Experiment  VII  were  relatively  richer  In  nonprotein  than  were  those  of  the 
other  experiments,  and  the  adequacy  of  these  very  low  protein  rations  sag- 
gests  a  utUlEation  of  the  nonprotein,  although  the  abundance  of  nonnttrogenoua 
nutrients,  as  shown  by  tbe  nutritive  ratio,  may  also  be  a  factor.  The  rations 
of  Experiment  I  were  c*vlnuBly  Inadequate,  even  although  the  supply  of  non- 
nltrc^enous  matter  was  liberal. 

B>p«rlnient8  upon  a  steer  by  Armsby  aid  FrICH'  In  which  Ihe  rofei-iratoiy 
products  were  determined  gave  results  in  general  accord  with  those  already 
cited.     Computed  per  1,000  pounds  live  weight,  these  results  were  as  follows : 


yuroffen  balance  per  1.000  pound*  live  irdffft 

t—ArmbiU  and  Fries. 
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In  pertodB  C  and  D  of  1002  and  period  IV  of  1908,  tbe  onlj  ooee  Id  wklCh 
iDBlntenance  iras  renr^hed.  tbe  crude  protein  ranged  frmn  O.fiS  to  0.97  and  the 
tme  protelQ  from  0.44  lo  0.&4.  Id  a  later  series  of  esperlDieata '  on  two 
Immature  atpers,  from  0.92  lo  1.13  pounds  of  crude  protein,  or  0.S9  to  0.77 
pound  true  protein  per  1.000  pounds  live  weight  sulHced  for  nuilntenance  tn 
three  periods  In  which  there  was  some  guln  of  fat.  The  experlniHits  fuml^ed 
no  evidence  tbat  so  large  an  amount  was  necesaary,  since  the  uext  lowest 
amonnt  wtta  0.44  pound  crude  protein  or  0.3T  pound  true  protein  in  a  ration 
producing  a  slight  gain  of  fat  but  a  small  lose  of  protein. 

The  Investigations  of  tbe  Laboratory  for  Agricultural  Research  In  Copen- 
hagen upon  tbe  protein  requirements  for  mllli  production  Include  also  two  ei- 
peiim«it8  on  dry  cows'  with  rations  furnishing  relatlvtiy  small  amoiuits  of 
digestible  nitrogenous  matter,  cbleflf  in  the  form  of  true  protein.  The  periods 
In  which  nn  approximate  nitrogen  balance  was  secured  gave  the  following  data : 

yUrogcH  ttalance  of  dri/  cttirs  per  day  and  head — Copenhai/eH  experimentt. 
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The  esperiments  on  mtlltlng  cows  also  afford  approximate  data  as  to  the  main- 
tenance requirement.  If  the  protein  of  the  milk  Is  subtracted  from  the  total 
digestible  protein  of  the  feed,  the  remainder  is  obviously  the  maxlmnm  amount 
which  was  available  for  maintenance.  In  Bulletin  139  of  this  bureau, 
pnges  38-39,  there  are  given  the  results  of  those  experiments  In  which  the 
smallest  amounts  of  protein  were  consumed.  Selecting  from  among  these  those 
In  which  there  was  an  approximate  nitrogen  equilibrium,  we  obtain  the  results 
tabulated  below : 


Diii(ii  gain  or  Ui^n  "f  piiitcin  6j/  c 


—Copenhapcn  experiments. 
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In  tUe  two  periods  In  wblch  tbere  was  a  gaiu  of  protein  by  the  animal  tbe 
crude  protein  available  for  malutenance,  computed  per  1.000  pounds  live  weigbt, 
W88  ■■  Pouna. 

Cow  No.  fl3,  period  6 0.58 

Cow  No.  58,  period  G ,68* 

In  tbe  four  pertodB  In  wblch  tbe  lose  of  protein  liy  the  animal  did  not  exceed 
12.G  grama  (2  gnuuB  nitrogen)  the  correspcmdlng  amounts  were: 

Cow  No.  10,  period  6 0.48. 

Cow  No.  63,  period  4 ,43 

Cow  No.  68,  period  14 „ .44 

Cow  No.  B8,  period  4— _ ,43 

These  results  are  quite  of  tbe  same  order  as  tliose  obtained  by  Ketluer  and  b^ 
Armsby,  while  those  on  tbe  two  dry  cowa  are  much  lower,  with  the  exception  of 
a  single  result  of  ArmBbj's.     (Experiment  I,  steer  2.) 

In  drawing  conclusions  from  the  results  recorded  in  the  foregoing 
pages,  it  is  important  to  remember  that  what  it  is  sought  to  determine 
is  the  minimum  protein  requirement.  As  has  been  shown  on  previous 
pages,  an  excess  of  feed  protein  above  this  minimum  is,  in  tbe  case  of 
the  mature  animal,  substantially  all  katubolized,  pi-oducing  no  mate- 
rial gain  of  protein.  The  fact  of  an  equality  of  income  and  outgo 
of  nitrogen  upon  a  given  ration  of  protein,  therefore,  while  it  shows 
that  the  quantity  consumed  is  sufficient  for  maintenance  does  not 
show  that  a  smaller  amount  would  not  suffice.  "Uliat  we  have  to 
consider  is  the  evidence  of  the  experiments  regarding  the  least 
amount  sufficient  for  maintenance.  It  is  evident  that  this  minimum 
amount  is  relatively  small,  but  it  is  also  evident  tbat  the  recorded 
results  do  not  suffice  to  fix  with  certainty  the  absolute  minimum. 

The  lowest  recorded  amounts  per  1,000  pounds  live  weight  upon 
which  nitrogen  equilibrium  was  reached  were  0.21  pound  and  0.25 
pound  of  crude  protein  in  the  Copenhagen  experiments  on  dry  cows, 
while  almost  as  small  a  quantity,  viz,  0.27  pound  crude  protein  or  0.23 
pound  true  protein  in  Armsby's  Experiment  I,  steer  2,  fell  very 
little  short  of  reaching  nitrogen  equilibrium.  Aside  from  these 
somewhat  exceptional  results,  the  lowest  figures  obtained  per  1,000 
pounds  live  weight  were  0.43  pound  crude  protein  and  0.38  pound 
true  protein.  The  maximum  is  found  in  Armsby  and  Fries'  experi- 
ment of  1903-4,  viz,  0.9G  pound  crude  protein  and  0.84  pound  true 
protein,  but  it  seems  altogether  probable  that  the  animal  in  this 
period  was  consuming  a  surplus  of  protein.  If  we  omit  these  few 
extreme  results  in  either  direction,  the  average  and  range  of  the 
results  of  the  other  experiments  are  as  follows : 

Ar-fraffe  and  range  of  protein  requivemmtg  of  caWc. 
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It  seems  safe,  t-herefore,toestimate0.6  pound  of  crude  protein  orO,5 
pound  true  protein  per  1,000  pounds  live  weight  as  representing  in  a 
general  way  the  minimum  pi-otein  requirement  of  mature  cattle  with  a 
probable  range  of  0.1  or  0.2  pound  either  way  under  varying  conditions. 

For  actual  maintenance  feeding  it  is  probable  that  a  somewhat 
more  liberal  supply  of  protein  than  is  indicated  by  these  figures 
would  be  advisable.  Rations  so  poor  in  protein,  if  containing  an 
adequate  amount  of  nonnitrogenous  matter,  would  probably  suffer  a 
loss  through  failure  of  the  animal  fully  to  digest  the  nonnitrogenous 
matter.  A  somewhat  narrower  nutritive  ratio  could  readUy  be 
reached  in  practice  in  ordinary  feeding  without  additional  expense 
and  from  the  standpoint  of  digestibility  would  very  likely  be  justified. 


^Vhile  a  considerable  number  of  experiments  with  sheep  are  on 
record  in  which  approximate  maintenance  as  a  whole  was  observed, 
at  least  so  far  as  could  be  judged  from  the  live  weight,  few  of  them 
afford  satisfactory  data  as  to  the  minimum  protein  requirement. 
For  the  immediate  purpose  of  this  discussion,  only  experiments  in 
which  the  nitrogen  balance  was  actually  determined  are  available, 
mere  maintenance  of  weight  being  too  uncertain  a  criterion. 

A  dlEttlnot  dltterence  betwwn  caltle  and  sheep,  which  alTeotB  the  protein 
requlrentent,  lies  In  the  greater  demand  for  protein  Incident  to  ttie  growth  of 
wool  Id  the  Inltpr  animals  ns  compared  with  that  of  hair  In  tbe  former.  Tbe 
results  of  deternilnBllona  by  Armsby  and  BTles'  on  the  Bame  two  steers  In  two 
consecutive  winters  abowpd  an  average  production  of  epidermal  tissue,  Includ- 
ing the  growth  of  lisir  and  the  loss  In  brushlnKS.  equivalent  to  0.19  gram  nitro- 
gen per  day  and  1.000  poutids  live  weight,  which  is  equal  to  0.0025  pound  pro- 
tein, an  amount  too  small  to  materially  afToct  our  eiiilmates  of  tbe  maintenance 
requirement.  In  the  cane  of  nheop.  deternilnntions  of  tbe  growth  of  wool  by 
several  investigators  nETord  tbe  following  data  reKardlng  tbe  average  amount 
of  protein  required  for  this  puri>ose.  Tbe  results  have  been  computed  per 
1.000  pounds  live  weight  for  tbe  sake  of  ready  comitarison : 

Protein  contained  in  Saily  growth  of  icool  f«T  1,000  pouni*  lire  uxHt/ht. 

Ileniieberg.  Kem,  nud  Wnttenl>erg' — Mature  slipep 0.132 

IIennet)erg,  Kem.  and  Wotleuberg' I^mbs .143 

Welske' Growing  sheep .  100 

Henneberg  and  Pfelffer' Mature  sheep .148 

Pfellfer  and  Kalb' Mature  sheep IBO 

Average  .  135 

Although,  ns  the  foregoing  flgiires  show,  tbe  protein  reqnirements  of  sheep 
for  the  growth  of  wool  are  conslderobly  greater  than  (hose  of  cattle  for  the 

>  Burenu  ot  Animal  Induatry.  Bailplln  128. 


'Ibia.,  vol.  28,  p.  280. 

*  Lundwlrlacliflttllche  Jahitflchec,  vol.  9.  p.  20B. 
'.loiiraal  rtir  I.nadirlrtnchart.  vol,  38.  p.  E16. 
"  LandwlrlBclmnHclie  JahrbUcher,  vol.  21,  p,  176. 
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growtb  of  balr,  the  absolute  dllTereDce,  after  all,  does  not  add  ver?  greatly  to 
tbe  total  maintenance  requirement 

In  Henneberg  and  Stobmann'e  Weende  eiperlment^'  upon  two  sbeep  fed 
exclaslTelf  on  meadow  hay,  there  whb  dlgecrted  on  the  average  per  1,000  pounds 
live  weight:  PoundB. 

Crude  protein  (total  N  X  6,25) 1.32' 

NltroBeD-free  extract 6.28 

Crude  fiber 3.93 

Ether  extract .32 

and  the  animal  gained  O.IT  pound  of  body  protein.  In  addition  to  that  stored 
In  the  wool,  and  a  small  amount  of  body  fat. 

In  a  series  of  20  digestion  and  metabolism  experiments  by  Schuize  and 
H&rcker,'  decidedly  smaller  amounts  of  protein  proved  sutflclent  to  maintain 
nitrogen  equlllbrlnm.  In  one  case  on  a  ration  containing  as  little  as  0.336 
pound  digestible  crude  proton  per  1,000  pounds  live  weight,  but  having  a  very 
wide  nutritive  ratio  (1 :  17.2)  there  was  a  ali^t  gain  of  total  protein,  but  one 
leas  than  the  amount  required  tor  the  growth  of  wool.  If  we  exclude  this 
experiment  and  also  4  experiments  in  which  It  1b  evldait  that  an  excess  of 
protein  was  fed,  we  have  as  the  average  of  6  experiments  In  which  no  loss  of 
body  protein  was  observed  0.653  pound  digestible  erode  protein  per  1,000 
pounds  live  weight,  while  In  two  other  experiments  In  which  the  minimum 
losses  of  0.006  ftud  0.016  pound  body  protein  were  observed,  the  protein  sup[dy 
was,  respectively,  0.6&Q  and  0.680  pound.  It  is  erld^it,  then,  that  the  protein 
supply  of  the  sheep  can  be  materially  reduced  below  the  amount  fed  In  Henne- 
berg  and  Stohmann's  experiments  without  leading  to  a  loss  of  body  protein. 
That  such  Is  the  case  seems  to  be  clearly  shown  by  the  recent  Investigations 
of  Katayama  at  the  Moeckero  Experiment  Station.*  In  which  Increasing  amouats 
of  nearly  pure  protein  ("aleuronat")  were  added  to  a  bosal  ration  very  poor 
in  protein,  consisting  of  hay,  oat  straw,  starch,  and  cane  sugar.  The  protein  is 
every  case  was  substituted  for  a  corresponding  amount  of  starch,  so  that  the 
total  energy  of  the  ration  remained  substantially  unchanged.  In  the  third 
period  of  the  experiment  both  of  the  two  sheep  showed  some  loss  of  body  pro- 
tein, while  In  the  fourth  period,  with  more  protein  in  the  food,  a  gain  was  noted. 
In  neither  case  was  the  growth  of  wool  taken  into  con af deration.  By  adding  in 
the  one  case  the  loss  of  body  protein  to  the  digestible  protein  of  the  food  and 
In  the  other  period  subtracting  the  gain,  the  author  gets  tbe  followlntr  comparison  : 
Pruicin  requirement  af  thccp  per  day  anA  head — Katayamti. 
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'Estimated  b;  Kellnec  to  coDtala  1.04  pouads  of  true  protein. 
■Wolff:  Die  EmSlinmg  der  I^ndwIrtarhafllichEii  Nntitleiv,  p.  : 
<D1«  LsndwIrtKhaltllcheD  Teraucb-Statlonen,  vol.  6S,  p.  321. 
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On  the  BTerage  of  the  two  aalmals,  041  pound  disestlble  crude  protein  per 
1,000  pounds  live  weight  was  apparently  sufficient  to  prevent  a  loss  o(  nltrt^eo 
from  the  body.  The  cnid«  protein  In  tbia  case  was  practically  all  true  protein, 
only  minimum  amounbi  of  nonproteiii  t>^ug  present  In  the  ration.  Since,  how- 
ever, the  growth  of  wool  must  have  gone  on,  with  a  corresponding  storage  of 
nitrogen,  this  apparent  maintenance  ration  would  really  resuU  in  a  loss  of 
protein  by  the  active  tissues  of  the  body. 

If  we  add  to  Katayama's  average  0.14  pound  per  1,000  pounds 
live  weight  for  the  growth  of  wool,  we  get  0.55  pound  as  represent- 
ing the  minimum  protein  requirement  for  the  maintenance  of  mature 
sheep,  including  the  growth  of  wool.  It  is  interesting  to  note  that, 
according  to  these  figures,  the  actual  maintenance  requirement  for 
the  body  tissues  is  quite  as  low  relatively  as  for  cattle. 

It  is  true  that  some  earlier  experiments  seem  to  indicate  a  greats 
demand  for  protein  than  the  foregoing  figures  show.  Thus,  in 
the  experiments  cited  on  page  80  to  Illustrate  tlie  influence  of  the 
protein  supply  upon  its  katabolism,  a  ration  containing  about  2.5 
pounds  digestible  protein  per  1,000  pounds  live  weight  seemed  to  be 
about  sufficient  for  maintenance,  including  the  wool  production, 
while  a  ration  containing  2.27  pounds  showed  a  loss  of  protein.  Simi- 
larly,- in  earlier  experiments  by  Henneberg,  Fleischer,  and  Miiller,^ 
a  ration  containing  1.26  pounds  digestible  crude  protein  following 
one  supplying  6.51  pounds  resulted  in  a  loss  of  protein  by  the  animal. 
Notwithstanding  these  isolated  results,  however,  it  seems  justifiable 
to  accept  the  lower  figure  obtained  by  Katayama  as  representing  ap- 
proximately the  minimum  protein  requirement  of  mature  sheep. 


The  only  data  available  as  to  the  minimum  protein  reqtiirement  of 
swine  are  derived  from  the  two  experiments  upon  fasting  animals  by 
Meissl,  Strohmer,  and  Lorenz  (referred  to  on  p.  51).  The  animals 
were  Yorkshire  swine,  one  14  months  old  and  weighing  140  kilograms, 
and  the  second,  whose  age  is  not  given,  weighing  120  kilograms.  In 
the  fasting  state  the  nitrogen  excretion  of  these  animals  was  as 
follows : 


K«ai.    I  Onmi. 


The  nitrogen  excretion  was  equivalent,  respectively,  to  0.44  and 
0.35  poimd  of  protein  per  1,000  pounds  live  weight,  or  about  the 
•amounts  which   appear  to  be  required   for  cattle  and  sheep.     No 

■  jBbresberlcht  der  AgrlcuHurchcmlc,  tdIh.  16-lT,  IT,  p.  145. 


THE  OPTIMUM   OF  PBOTKIN. 


ezperiiDeiits  are  on  record  which  deni<Hi8trate  the  sofficieucy  of  this 
unoont  as  a  maintenance  ration. 


THE    HOME. 


In  the  ezperimentB  by  Grandeau  and  Le  Cterc  described  on  pages 
6S-~63  the  nitrogui  balance  of  the  horses  was  determined  during  6  of 
the  periods.  The  following  fable  shows  the  amounts  of  protein  and 
of  nonprotein  nitrogen  digested  in  each  period,  the  urinary  nitrogen, 
und  the  small  losses  in  epithelial  tissue  (epidermis,  hoofs,  hair,  etc.) : 

VUrogen  balanoe  of  hortea — Grandeau  and  Le  Clcrc. 
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Omitting  the  results  upon  horse  No.  3  in  March,  when  the  diges- 
tible prot^  was  exceptionally  low,  the  other  five  periods  show  an 
average  daily  gain  of  nitrogen  of  1.33  grams,  while  the  average  crude 
protein  digested  (total  N.X6-25)  was  236  grams,  equivalent  to  01.89 
pound  per  1,000  pounds  live  weight 

THE  OPriHCH  OF  PBOTEIN. 

The  data  of  the  foregoing  paragraphs  seem  to.  indicate  a  striking 
uniformity  in  the  minimum  prot«in  reqniremrat  of  the  principal  ^»e- 
cies  of  domestic  animals  when  mature,  0.4  to  0.6  pound  per  1,000 
potmds  live  weight  apparratly  sufficing  to  maintain  nitrogen  equilib- 
rium under  favorable  conditions. 

It  should  be  clearly  understood,  however,  that  this  figure  repre- 
sents a  more  or  less  accurately  determined  limit.  It  purports  to  be 
the  amount  below  which  tiie  protein  supply  can  not  be  redooed 
without  eventual  protein  starvation.  The  animal  body,  however, 
may  adjust  itself  to  a  wide  range  of  protein  supply  above  the  mini- 
man,  using  some  of  it  to  increase  the  stock  of  protein  in  the  body 
and  katabolizing  the  remainder  as  fuel  material.  An  increase  in  the 
protein  supply  above  the  minimum  results,  after  a  relatively  short 
time,  in  the  maintenance  of  the  body  protein  at  a  higher  level.  The 
practical  question  in  actual  maintenance  is  far  less  in  regard  to  the 
-Bnll.  143— J2 
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least  amount  of  protein  which  may  be  used  than  as  to  the  most  ad- 
vantageous level  of  protein  nutrition;  that  is,  aa  to  the  optimum  of 
protein. 

This  question  has  been  warmly  debated  in  connection  with  human 
nutrition. 

Nam»«iiB  recent  tDvestlgatlonB,  notablr  tboae  itj  Chittenden  and  hie  aaeo- 
clate*,*  bare  abown  tbat  tbe  protein  of  butnan  dietaries  can  be  reduced  mucb 
below  tbe  amount  previously  regarded  as  necessarj.  In  most  cases  tliere  is  no 
possibility  of  a  direct  comparlatm  wltb  the  fasting  kataboltsm  of  the  aame  lodl- 
vldaal,  but  as  previously  etated  (p.  77)  a  considerable  number  of  instances  are 
on  record  la  whlcb  tbe  nitrogen  supply  has  been  reduced  to  an  amount  mate- 
rially lower  than  that  usually  found  for  the  fasting  protein  kataboUsm  of 
indlrlduals  of  tbe  same  weight  without  leading  to  a  loss  of  protein  from  the 
body.  In  all  these  experiments,  tbe  nonnltrogenous  nutrients  consisted,  as  la 
usually  the  case  In  human  dietaries,  to  a  considerable  extent  of  carbohydrate*. 

Horeover,  wbUe  some  of  tbe  earllei*  experiments  were  for  short  periods  and 
on  comparatively  few  iDdlvlduals.  Chtttwden's  investigations  covered  long 
periods  and  were  made  on  26  different  Individuals,  Including  6  professloDal  men 
under  observation  for  8  months,  13  soldiers  observed  for  6  months, 
and  8  trained  athletes  under  observation  for  5  months.  Hts  results  clearly 
demonstrate  tbe  possibility  of  maintaining  the  body  protdn  and  fully  preserv- 
ing the  health  and  vigor  upon  a  low  protein  diet.  In  other  words,  a  relatlvdy 
low  level  of  protein  nutrition  for  several  months  Is  not  inconalstsit  with  health 
and  efflclescy. 

In. some  of  the  earlier  experiments  In  which  very  low  protein  diets  were  fed 
to  Aoga,  the  health  of  the  animals  suffered  seriously  and  there  has  been  a 
tendency  to  ascribe  these  111  effects  to  the  continued  use  of  very  small  amounts 
of  protein.  Later  investigations  by  Chittenden,  however,  in  which  dogs  were 
fc^t  on  a  low  protein  diet  for  the  greater  pari  of  a  year,  seem  to  have  demon- 
strated that  the  ill  effects  observed  in  the  earlier  experiments  were  due  to  un- 
hygienic conditions  and  not  to  tbe  low  protein  diet.  It  may  be  remarked  that  In 
experiments  upon  cattle,  rations  vei?  low  lo  protein  have  been  fed  for  a  con- 
siderable time  without  any  perceptible  deleterious  effecta  No  similar  determl- 
naUoos  upon  other  species  of  farm  animals  appear  to  have  beoi  made. 

On  the  whole,  then,  it  can  not  be  said  that  a  considerable  surplus  of 
protein  over  the  minimum  requirement  for  maintenance — that  is,  the 
maintenance  of  protein  nutrition  on  a  high  plane—has  been  proved 
to  be  of  any  material  advantage  in  the  maintenance  either  of  men  or 
domestic  animals  during  periods  covering  several  months.  Whether 
a  continued  low  protein  diet  through  years  or  generations  would 
show  a  different  result  is  at  present  largely  a  matter  of  speculation. 
It  is  to  be  remarked,  however,  that  the  particular  point  under  dis- 
cussion is  the  protein  requirement  of  the  mature  organism.  That  a 
deficiency  of  protein  in  the  diet  of  a  growing  animal  may  have 
disastrous  results  is  clear.  If,  however,  the  habitual  food  supply 
of  a  race  of  men  or  a  group  of  animals  is  low  in  protein,  the  young 
are  likely  to  share  this  deficiency  with  the  mature,  and  it  seems  not 
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impossible  that  this  is  an  important  factor  in  the  alleged  physical 
inferiority  of  certain  races  of  men  living  on  a  low  protein  diet 
This  consideration  warns  us  to  exercise  care  in  this  respect  in  the 
management  of  the  breeding  herd. 

In  the  actual  maintenance  feeding  of  farm  animals,  the  matter  of 
the  digestibility  of  the  ration  must  also  be  considered.  It  has  been 
shown  that  a  relative  deficiency  of  protein  in  the  ration  tends  to 
depress  the  apparent  digestibility  of  both  the  protein  and  nonnitro- 
genous  nutrients,  especially  in  the  case  of  ruminants.  A  maintenance 
ration  for  these  animals  containing  the  minimum  amount  of  protein, 
together  with  the  quantities  of  nonnitrogenous  nutrients  required  to 
maintain  the  energy  supply,  would  have  a  nutritive  ratio,  computed 
in  the  ordinary  way,  of  approximately  Ir :  12.  On  such  a  ration,  there 
would,  in  all  probability,  be  some  loss  of  digestibility.  An  increase 
of  its  protein  by  50  per  cent  would  very  probably  effect  a  gain  in 
digestibility  which  would  more  than  offset  the  increased  cost,  if  any. 
Indeed,  unless  feeds  especially  poor  in  protein  are  used,  it  may  often 
be  difficult,  even  if  desirable,  to  reduce  the  protein  content  of  a  main- 
tenance ration  to  the  low  level  of  absolute  necessity. 

RELATIVE  VALUES  OF  PHOTBIN8. 

In  the  discussions  of  the  foregoing  paragraphs,  following  the  usual 
practice,  the  word  protein  has  be^i  used  as  if  it  designated  a  single 
chemical  individual.  In  reality,  of  course,  this  is  very  far  from 
being  the  case.  The  protein  of  the  body  or  of  the  feed  in  this  con- 
ventional sense  includes  a  large  number  of  distinct  and  in  some  re- 
spects, widely  differing  proteins.  The  studies  of  the  chemical  struc- 
ture of  the  protein  molecule  made  in  recent  years,  beginning  with  the 
fundamental  investigations  of  Emil  Fischer,  have  shown  marked  dif- 
ferences in  the  proportions  of  the  various  "  building  stones  "  (amino- 
acids,  etc.)  contained  in  different  proteins,  while  studies  in  immunity 
have  led  to  the  recognition  of  marked  specific  and  individual  bio- 
logical differences  in  animal  proteins,  although  these  have  not  been 
deBoitely  correlated  with  differences  of  chemical  constitution.  It  is 
pertinent  to  inquire,  therefore,  whether  we  are  justified  in  discussing 
the  nutritive  functions  of  feed  protein  as  a  group  or  whether  we  must 
consider  each  individual  protein  by  itself.  In  other  words,  are  there 
recognizable  differences  in  nutritive  value  between  individual  pro- 
teins! 

DnnrBBEHCEs  in  cx>if8TiTtiTtoN  or  fboteiks. 

In  discussions  of  this  question,  the  chief  emphasis  has  been  laid 
upon  the  demonstrated  differences  in  the  proportions  of  the  various 
cleavage  products  yielded  by  the  different  proteins  when  subjected 
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to  acid  hydrolysis.     The  following  table  shows  some  of  the  more 
recent  results  obtained  by  Abderhalden  and  by  Osborne: 

Congtituentt  of  protein$ — Abderhalden  and  Oabornr. 
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While  many  of  the  flgnreB  of  the  foregoing  table  can  not  lay  claim  to  a  high 
decree  of  qnantltatlTe  accnracy.  It  la,  nevertheleBs,  clear  that  the  propordoiui 
of  tlte  TBriouB  atconlc  gronpliiga  In  the  protein  molecule  vary  wltbla  wide 
Ilmfta,  while  In  some  cases  the  moat  careful  search  has  filled  to  show  the 
presence  of  certain  constltnaits.  Thna  glycocol  and  lyala  were  not  found  lu 
glladln,  nor  lyaln  and  tryptophan  In  zeln,  while  ox  muscle  yielded  a  consider- 
able percentage  of  tyaln,  a  moderate  amount  of  glycocol,  and  showed  the  pres- 
ence of  tryptophan. 


ABSXNCE  or  cxaTAiN  c 
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Ttiere  is  now  a  general  Bgreement  that  In  the  procew  of  digestion  the  pro- 
teins of  the  feed  nndergo  extensive  cleavage  and  are  to  a  large  extuit  broken 
down  either  Into  individual  amino-aclds  or  Into  comparatively  simple  peptld- 
llke  compoonds.  The«e  substances  are  reeorbed  by  the  Intestinal  eplthellnm 
and  the  diverse  proteins  of  the  body  are  formed  from  them  by  i^iithetlc  proc- 
esses, either  In  the  intestinal  wall  or  beyond.  Such  being  the  case,  it  has 
seemed  clear  that,  for  eismple,  the  proteins  of  ox  mnscle  containing  2:06  per 
cent  of  glycocol  and  T.SO  per  cent  lystn  could  not  be  produced  from  gltodlii. 
which  Is  lacking  in  both  thesR  groups,  nor  from  lein,  which  lacks  lyrin  and 
tryptophan. 

The  cIbmIc  example  of  the  effects  of  sncb  a  deScIency  Is,  of  course,  gelatin, 
which  contains  neither  tyrostn,  cystin,  nw  tryptophan.    Blschotf  and  Voit* 
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Img  ago  ebowed  thst  gelatin  In  whaterer  amouDt  fed  li  complebely  katabollxed 
In  tbe  body,  at  least  bo  far  as  its  nitrogen  Is  concerned,  altbough  It  may  scHue- 
wbat  dlmlnlBli  tlie  waste  of  protein  tissue.  Subsequent  investtgatlons  by  Klrcb- 
maun '  and  by  Ennnmacher '  ^owed  tbat  when  gelotla  is  fed  alone  an  amount 
equivalent  to  tbe  fastluK  nitrogen  kataboltsm  may  reduce  tbe  loss  of  nitrogen 
from  tbe  body  by  something  orer  20  per  cent,  while,  on  the  other  band,  even 
very  large  qnantitleB  can  effect  a  reduction  of  only  about  30  per  cent  Murlln* 
finds  tbat  In  tbe  mixed  diet  of  men  about  two-thirds  of  tbe  protein  may  be 
replaced  by  gelatin  wltboot  disturbing  existing  nitrogen  equilibrium.  Tbat  tbe 
inferior  THlue  of  gelatin  la  doe  to  tbe  absence  of  certain  groupings  In  Its  mole- 
cule seems  to  bave  been  shown  by  Kanfmann,*  who  found  tbat  gelatin  with  tbe 
addition  of  proper  quantities  of  tyrosln,  cystln,  and  tryptophan  was  able  to 
maintain  nltrc««ii  eqalllbriam  at  least  several  days. 

iDvestlgatlons  by  Wllcock  and  Hopkins  *  upon  sefn,  which,  aa  already  DotoA, 
lacks  lyaln  and  tryptophan,  approach  the  subject  from  a  sll^tly  different  angle. 
They  A>nnd  that  a  diet  contalnli^  eeln  as  Its  only  protein  material  was  unable 
to  tnalntnln  growth  In  young  mice,  llie  addltitm  of  trypt<H)han  approximately 
doubled  the  earrlral  period  and  added  markedly  to  the  well-being  of  tbe  ani- 
mals, but  was  unable  to  maintain  life  Indefinitely.  On  tbe  celn  diet  the  animals 
beeame  torpid  early  in  tbe  experiment  and  almost  comatose  before  death  en- 
sned,  while  vritb  the  addition  of  tryptophan  no  such  symptoms  were  observed. 
Tbe  authors  Interpret  this  result  as  showing  that  tryptophan  has  some  epecllic 
fnnctton  in  the  body  aside  from  the  mere  maintenance  of  nltn^en  equilibrium. 
The  results  recently  obtained  by  Osborne- and  Mendel,*  however,  show  that 
great  caution  is  necessary  tu  the  Interpretation  of  such  survival  experiments, 
while  they  also  indicate  that  growth  Is  largely  dependent  on  some  other  fhctor 
than  the  protein  supply. 

Elxperiments  on  rats  by  Henrtques'  gave  a  similar  result  as  reganja  leln. 
with  which  It  was  found  Impossible  to  obtain  nltrog«i  equilibrium  In  short 
experUsentB.  On  the  other  hand,  however,  an  abundant  supply  of  ^ladtn  main- 
tained nitrogen  equlltbrlmn  for  aoine  days,  notwithstanding  the  fact  tbat  it 
lacks  both  lysfai  and  glycocol. 

FMPOHTIOKB  or  COMBtlTUXWTS. 

Still  further,  even  when  all  the  constituents  of  the  body  protein  are  preaent 
in  tbe  feed  protein,  their  proportions  may  be  widely  different  Thus,  a  mixture 
of  equal  parts  of  glutenln  and  glladln  wonld  contain  about  30  per  cent  of  ^n- 
tsmlc  acid  as  compared  with  about  half  that  amonnt  In  ox  muscle,  while  the 
latter  yields  over  11.S  per  cent  of  lencin  as  compared  with  less  than  6  per  cent 
from  tbe  former.  In  such  a  case  It  would  seem  tliat  the  tlssnee  In  wfalcb  the 
synthesis  takes  place  must  make  a  selection  from  the  material  supplied  by  the 
digestive  tract,  reproportiontng  the  various  constltnents,  while  the  excess  of  cer- 
tain ones  would  be  attacked  by  the  deamldlstng  ensyms  of  tbe  body,  their  nltro- 
fren  being  Anally  excreted  as  area.  Accordingly,  It  might  be  anticipated  tbat  tbe 
more  nearly  the  feed  protein  resembled  in  Its  make-np  tbe  average  of  tbe  body 

■  ZeltsebrUt  tflr  Blolotle,  fol.  40,  p.  M. 
•Zettscbrin  Nr  Blolocle,  vol.  42,  p.  242. 

•American  Jonmal  of  Ph;«ioloi7.  vol  IB,  p.  ZSS ;  vol.  20,  p.  234. 

'  Arcblv  tflr  die  0«i>mmte  Pbrilologle  des  HeDKhen  und  d?r  Tblera  (PflOxer),  toL  lOB, 
p.  440. 

■JoBinal  of  Fbysl0loK7  (Londoti),  vaL  SB,  p.  SS. 
•Camcgle  lutltatc  ol  Waiblnffton.  Publication  No.  1B«. 
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proteins  the  more  economical!;  It  could  be  utilised  for  ttae  building  np  or  repair 
of  protein  tisBues,  and  tliat  tbus  tbere  might  be  very  condderable  dlSerencee  In 
nutritive  value  between  different  proteins. 

EXPCBIMBITTAL    UBTBOnB. 

Conaidcrations  lllce  the  foregoing  have  been  advanced  by  numerous  aathora, 
but  as  yet  little  satisfactory  experimental  work  upon  the  relative  values  of  ttae 
proteins  has  been  reported.  Indeed  ttae  problem  ia  far  from  being  an  easy  one. 
Aside  from  tectanlcal  difficulties,  it  is,  of  course,  a  simple  matter  to  substitute 
one  protein  for  anottaer  In  the  ration;  ttae  difficulty  lies  in  finding  a  satis- 
factory measure  of  the  effects.  The  most  obvious  thing,  of  course,  is  a  deter- 
mination of  the  balance  of  Income  and  outgo  of  nitrogen,  which,  when  extcmded 
over  reasonably  long  periods,  affords  an  approximate  measure  of  ttae  relative 
gain  or  loss  of  protein.  Aa  taas  beat  clearly  shown  on  preceding  pages,  however, 
ttae  nitrogen  balance,  especially  in  a  mature  animal,  Is  a  more  or  less  fluctuat- 
ing tblng,  t>eliig  materially  affected  by  vhrlons  factors  besides  ttae  momentary 
protein  supply.  Especially  importnnt  are  the  Influence  of  the  previous  pro- 
tein supply  upon  ttae  goierel  level  of  protein  nutrition,  ttae  influence  of  ttae 
store  of  body  fat  carried  by  ttae  animal,  and  the  supply  of  available  ene^y 
in  ttae  feed.  Only  after  these  Influences  have  been  ellmioated  as  completely 
BS  possible  can  differences  In  the  nitrogen  balance  be  ascribed  to  dllteraices 
in  the  nature  of  the  proteins  consumed.  On  this  account,  experiments  In  which 
additions  of  protein  are  made  to  a  ration  already  containing  a  considerable 
supply  and  In  wblcta  gains  of  nitrogm  in  different  periods  are  made  the  ba^ 
of  comparison  are  quite  unsatisfactory,  as  Magnus-Levy  *  has  pointed  oat. 
A  more  satisfactory  basis  of  comparison  ts  the  amounts  of  the  different  pro- 
teins required  to  maintain  nltrogoi  equilibrium  under  conditions  otherwise 
comparable.  Furttaennore,  the  protein  snptily  must  not  be  too  liberal.  Protein 
KuppUed  In  excess  of  the  minimum  requirement  Is  utilised  largely  as  fuel  me- 
terlaL  Under  sncb  circumstances.  It  is  eaelly  conceivable  that  proteins  differ- 
ing widely  In  constitution  may  furnish  enough  of  each  of  tbe  essential  cleavage 
products  to  meet  the  relatively  smalt  demand  for  the  maintenance  of  tissue  and 
that  thus  differences  really  existing  may  be  masked  by  the  excess  of  protein 
supplied. 

These  considerations  clearly  Indicate  that  the  most  promising  method  of 
Investigation  Is  to  compare  the  minimum  amounts  of  the  different  i>rotelns 
required,  along  with  an  abundance  of  nounltrogenous  nutrients,  to  maintain 
nitrogen  equilibrium  on  as  low  a  plane  of  protein  nntrltlon  as  practicable  in 
tbe  same  animal  In  like  bodily  states  and  under  Identical  conditions,  so  far 
as  It  is  possible  to  Insure  tbese.  Any  consistent  differences  appearing  In  a 
considerable  number  of  trials  may  thai.  It  would  seem,  be  safely  ascribed  to 
differences  In  tbe  nature  of  tbe  proteins. 

Thus  far  but  three  Investigations,  according  to  the  general  method  iust  out- 
lined, have  been  published,  all  of  them  appearing  within  the  year  1009.  For 
tbe  present  purpose  It  seems  suiierfluous  to  review  the  older  InvestigatiouB, 
made  by  less  satisfactory  metliods  and  io  many  cases  from  a  different  point 
of  view. 

uichahd'b  ihvestioations, 

MIchaud '  exp^lm^ted  on  three  dogs  by  substantially  the  method  Just  ont- 
lined.    Reasoning  that  any  loss  in  transforming  feed  protein  Into  body  protein 
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would  be  emaller  the  leaa  the  difference  In  the  coDBtltutlon  of  the  two,  he  used 
as  his  standard  protein  supply  either  dog  flesh  or  the  groand  flesh  end  tntema) 
organs  (heart,  liver,  f^leeu,  and  testicles)  of  dogs.  ThU  material  may  he- 
assumed  to  have  supplied  the  varloua  amino  acids,  fttc^  tn  approximately  the 
proportKoiB  required  to  maintain  the  protein  tlsBues  of  the  experimental  animals 
with  a  minimum  of  loss.  With  this  were  compared  glladln  and  edestln  as  rep- 
rescnfatlves  of  the  v^etable  proteins  dlffwtng  quite  widely  tnmt  those  of  the 
body  and  casein  as  an  animal  protein  more  or  less  similar  to  the  tissue  proteins. 

The  series  of  experiments  on  the  flrst  dog  afTords  a  striking  iUustratlcni  of 
the  dlfflcnltles  In  the  way  of  successful  Investigation  of  this  question.  After 
fasting  for  18  days  and  recelrlng  <»ily  nonnltrogenous  feed'  (sugar  and  lard) 
for  28  daye  more,  the  dally  nitrogen  excretion  (feces  and  nrlne)  was  reduced 
to  1.42  grams  per  day  and  appeared  to  have  become  approximately  constant. 
Quantities  of  the  various  protein  materials  containing  this  amount  of  nltrogai 
were  then  added  In  successive  pwlods  to  the  basal  nonnltrogenous  ration  and 
the  effect  upon  the  nitrogoi  balance  determined,  the  periods  covering  from  6 
to  9  days  each.  In  three  periods  In  which  dog  Oesb  was  fed,  the  animal 
gained  small  amounts  of  nitrogen  (0.08  to  0.17  gram  per  day) ;  In  other  words; 
an  amoimt  of  protein  equal  to  the  ftistlng  katabolism  sufficed  to  produce  nttro- 
gm  equilibrium.  Practically  the  same  result  vras  also  attained  In  the  period 
In  which  "Nutrose"  (a  preparation  ot  casein)  was  fed.  Three  periods  with 
glladin,  on  the  contrary,  showed  In  every  case  a  loss  of  nitrogen  ranging  from 
0.83  to  0JS2  gram  per  day ;  that  Is,  the  glladin  appeared  decidedly  less  valuable 
than  the  dog  flesh  or  casein  for  the  maintenance  of  the  body  protein.  Upon 
adding  more  glladin  to  the  ration  It  was  found  necessary  to  Increase  the  dally 
amount  to  the  equivalent  of  about  S.B  grams  of  nitrogen  before  nitrogen  equilib- 
rium was  reached. 

At  the  conclusion  of  this  series,  however,  two  3-dny  periods  on  the  nitrogen- 
free  ration  (preceding  and  following  the  period  with  the  larger  amount  of 
Klladin)  showed  that  the  prolonged  feeding  on  rations  poor  In  protein  had  so 
lowered  the  place  of  protein  nutrition  that  the  dally  fasting  katabolism  was 
now  equivalent  to  only  O.DC  gram  of  nitrogen,  or  on  the  avenge  of  the  last 
two  days  of  each  period  to  only  0.62  gram.  In  other  words,  the  1.42  grams  of 
tbe  earlier  periods  did  not  represent  the  absolute  minimum  on  which  life  ' 
could  be  maintained.  A  second  series  of  trials  was  therefore  Instituted  In 
which  dog  tissue  was  compared  with  casein  and  edestln.  In  no  case  was 
nitrogen  equilibrium  quite  reached,  but  tbe  dog  flesh  still  showed  a  decided 
advantage  over  the  otber  forms  of  protein.  Tbe  dog,  however,  had  become 
very  much  reduced  and  died  daring  the  final  period  on  dog  flesh,  the  autopsy 
showing  an  exceedingly  anemic  condition.  The  attempt  to  base  the  compari- 
sons of  tbe  different  proteins  upon  the  absolute  minimum  of  tbe  protein 
katabolism,  In  other  words.  Involved  such  a  reduction  In  the  stock  of  body 
protein  and  conaeqn^itlr  such  an  abnormal  condition  of  the  animal  as  to  render 
the  value  of  the  results  questionable.  In  succeeding  experiments  on  two  other 
dogs,  therefore,  the  attempt  to  reach  tbe  absolute  minimum  of  the  protein 
katabotlsm  was  abandoned  and  the  amounts  of  the  several  proteins  added  to 
tbe  basal  nonnltrogenous  ration  were  either  made  equivalent  to  the  fasting 
katabolism  in  the  flrst  period  or  reduced  slightly  below  It  according  to  the 
judgment  of  the  experimenter.  The  results  were  in  accord  with  those  of  tbe 
flrst  series,  tbe  vegetable  proteins,  glladin  aud  edestln,  proving  notnbly  Inferior 
to  the  dog  flesh  or  the  casein. 

'No  D 
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Upon  two  points.  Iiowatw,  Hlchaud's  naalts  seem  opoa  to  question. 

Pirat,  tbe  pnra  protetna  wlilck  b»  ernidoTed,  aa  well  aa  the  angar  kbA  laid, 
can  hare  contained  bat  minimal  amounts  of  ash,  wlille,  sa  already  fltsted,  Ko 
mention  la  made  of  tbe  addltloD  of  any  aab  Ingredlenta  except  calcium  car- 
bonate. In  thtms  perloda,  Umb,  tbe  anlnial  waa  apparently  In  a  state  of  |»r- 
tial  or  entire  mlno'al  bunger.  Tbe  dog  fleab  <or  Id  two  periods  horse  BeA), 
OD.  tbe  otber  hand,  contained  Ita  normal  amount  of  aab,  and  it  la  not  bn- 
poaaAle  that  thia  waa  an  Important  factor  hi  detirmlnlng  ita  higher  Talne, 
altlioa^  It  muat  be  admitted  that  thia  ezplanatloD  doea  not  apply  to  the 
caaeln  periods.  Second,  dog  tiaaue  or  bane  flesh  Is  by  no  means  pure  protein, 
but  in  addition  to  ash  constltaenta  contains  a  great  variety  of  organic  com- 
pounds, whlcb  may  haTe  bem  quite  as  Important  as  tlie  protein.  In  other 
words,  die  periods  on  tissue  are  net  comparable  with  thoee  on  pnre  p 


EXPKammTs. 


IB  reported  two  aeries  of  similar  experiments,  also  on  a  dog. 
They  differed  from  Hicbaud's,  however,  in  that  the  periods  were  slKiTter  and 
that  each  feeding  period  was  Interpolated  between  two  periods  on  a  nonnttro- 
gnous  basal  ntlon  from  tlte  average  results  of  which  the  faatlng  protetn 
kataboilam  of  tbe  animal  for  that  particular  bodily  condition  waa  compnCed. 
Ziatercr  axperlmMited  with  casein,  wheat  gluten,  and  lean  meat  extracted 
with  water  (ronwle  protein).  He  added  to  his  rattona  the  cblonOs  of  sodiim, 
potassium,  and  calcium,  but  no  cAber  aA  Ingredleota.  The  ash  cmttent  of 
the  feeds  was  amalL  Tbe  energy  supply  in  the  feed  was  In  every  instaiMe 
ample  to  supply  the  needs  of  tbe  anlmid  as  computed  according  to  E.  Vcit' 
Taking  the  first  period,  on  casein,  aa  an  example,  tbe  prelUntnary  period  on 
nitrogen-free  feed  covered  five  days  and  the  one  following  tbe  feeding  period 
fbnr  days.  On  tbe  average  of  the  laat  two  days  of  tliese  periods,  tbe  fketlng 
protetB  kataboilam  was  equivalent  Id  l.tTS  grama  nitrogen  daily.  During  tbe 
hitormedlate  4'day  period,  caaots  contatnlng  2.01S  grams  nltn^en  per  day 
was  fed  and  the  avnage  dally  nitrogen  excretion  for  the  last  two  daje  waa 
found  to  be  2.8S3  grama.  Two  aolea  of  trials  of  thia  sort,  made  in  inverse 
(Mder,  yielded  the  following  rasnita : 


ProMn  metahoUmtt  of  a  dop—Ziitmvr. 


TbM 


<hbior 


If  we  represent  tbe  total  nitrogen  excretion  upon  tbe  muscle  protein  by  100, 
that  observed  with  the  other  proteins  was  as  follows: 

•ZeltMbrirt  niT  BfoloRlr,  vnl.  SR,  p.  iriT.  'Ibid.,  vol  41,  p.  II.T 
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BELATtVE  TAIiUES  OF  PBOTBINS. 
JllaWiiB  fttrofeit  MofcHon  m  Mff«mH  prot«imM. 


VbMtfiatm «1  130  IM 

Compared  la  tbls  war,  the  dUteawocM  dladoMd  between  tb»  diff»eiit  ^o- 
telos  are  Mooll  In  UwhiwItm,  and.  e^wci&Uj  Im  tbe  case  of  tbe  wbe&t  glaten. 
an  dlacordaot  In  tb«  two  eeii«&  Appu^itlr  Uie  dlflerencaa  ai«  lew  titan  tAoae 
wbieb  mar  be  jtUnMblf  aacclbid  to  variations  In  tbe  conditions  of  tbe  Bereral 
exparlmMit&  Tbe  lalter  may  be  to  some  degree  eliminated  bj  comparing  Uie 
total  nltiogan  «KcratloD  wltb  tiie  faatins  nitrogen  katabolUm  of  tbe  corre- 
apondlng  parlodja.  It  tbe  latter  be  repreMuted  b7  IW),  tbe  reUUre  nltroceo 
exertion  on  tbe  aerecal  protelna  waa  aa  follows : 


TUa  Mcmd  method  of  comparlsoD  seems  to  Ibdlcate  a  distinct,  altbougb 
small,  inferlorfty  of  the  cas^n  as  compared  with  the  muscle  protein.  The 
same  is  true  of  the  arerBge  resalt  with  wheat  s^nten,  bat  not  of  tbe  resnlta 
of  the  IndlTldnal  serlea.  Entirely  similar  results  are  <rt>talned  If  tba  calnila- 
tlon  Is  made  odIj  ap<Hi  tbe  protein  nitrogen  of  tbe  feed  and  excreta  Instead  of 
tbe  total  nitrogen.  Zlsterer'a  resnlts  are,  of  course,  open  to  tbe  same  criticism 
made  on  HldiaBd'B,  Tla,  that  the  so-called  innside  protein  was  not  comparable 
with  the  pace  pnArina  naed  in  tiM  other  periods 

aasnLTH  abb  quautatitl 
Both  Hlcband'a  and  aisteNr's  results  are  In  a  aense  qualitative.  They  show 
that  certain  torelgn  protalns  when  snbatitutsd  for  tlssne  caused  a  relativelr 
greater  nltra^iB  excnetion  and  were  therefore  less  aAdcnt  in  maintaining  the 
nltnigen  balanos  «C  tlw  bodr.  For  ^ladln  and  edeatln,  Mlchand  obacrred  a  nota- 
blT  greater  dlttafatee-than  did  Ziatarer  for  wheat  glnt«B.  For  casein  Iheir  remlta 
are  quite  almllar.  In  no  cus  waa  tba  aiKKmt  of  fordgn  protein  required  to 
reach  nltrogeo  eqaUlbriujn  dsteniilMd.  with  tbe  axctpUon  of  one  short  period 
qpoD  ^iadlB  la  Wchaiid's  ^parimenta.  In  both  cases,  tba  dlffnCBcea  appear 
r^tlTSiT  oaalL  Ob  th«  baaie  of  average  figures  for  the  propoittona  of  tear  of 
the  prtBC^sd  BmlB»«cide  la  tbe  difterent  protelna,  Zlsterer  compntas  muidi 
greater  poalble  dUtsrsBcea.  HepresMitiBg  the  amount  of  mnacle  protdn  r»- 
quired  to  fnmlsfc  a  given  aaount  of  each  one  of  tbe  fbur  amino-acids  bj  IDO. 
Zlsterer  calcniatss  that  .the  following  amouots  of  easrin  and  of  wbeat  gluten 
would  be  required  for  tbe  same  purpose: 


^!m3£. 
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As  waB  noted  above,  tbe  aali  enpplj  was  but  partlall;  considered  In  ZlMecer'a 
experlmentfi,  no  m^itlon  being  made  of  tbe  addition  ot  ash  Ingredients  with  tbe 
exception  of  sodiom,  potaasluni,  and  calclnm.  It  aetam  not  Impossible  that  tbe 
idioBpborDB  componnds  of  tbe  moacle  protein  mar  bave  had  something  to  do 
with  Its  apparentlj  greater  arailablll^. 

THOMAS'S   BXFEB1HKNT8. 

Thomas'  baa  attempted  to  determine  the  relative  valuea  of  the  mixed  proteins 
of  different  foods  by  a  method  differing  somewhat  from  that  employed  In  the 
two  foregoing  InTeBttgations.  As  has  been  shown  tn  previous  pages,  on  an 
abundant  nonnltrogeaons  ration,  especially  of  carbobydratee,  the  protein 
katabollsm  of  the  body  may  be  reduced  to  a  very  low  limit  which  represoits 
more  or  lees  exactly  the  miutmum  amonnt  of  protein  necessarily  broken  down 
In  the  vital  activities.  If  a  small  amount  of  protein  be  added  to  such  a  non- 
uitrogenoua  ration,  It  will  tend  to  be  used  to  leplace  body  protein,  since  the 
aarplus  of  nonnltrogeaons  material  teode  to  prevent  its  being  katabollied  to 
furnish  energy.  Tbe  extent,  then,  to  which  any  given  protein  under  theee  om- 
dltlons  diminishes  the  loss  of  protein  from  the  twdy  may  b«  taken  as  the 
measure  of  Its  maintenance  value.  The  principle  of  tbe  method  may  be  Illus- 
trated by  the  following  suppo^tltlous  case. 


ynpnttta 


PcatelQdl 

FiotelDki. 

LOM  ot  protalD  trom  bodr . . . 


In  this  case,  four  parts  of  food  protein  obviously  replace  three  parts  of  body 
protein  and  the  percentage  availability  of  tbe  former  Is  therefore  7B,  Tbe 
principle  of  tbe  method  la  similar  to  that  of  tbe  determination  of  tbe  percentage 
availability  of  energy  (p.  27). 

It  Is  to  be  remarked  concerning  this  method,  first,  that  It  assamea  that  tbe 
percentage  availability  of  tbe  food  protein  Is  tbe  same  for  all  amounts  below 
the  maintenance  requirement;  In  other  words,  that  It  Is  a  linear  function. 
This  la  an  unproved  assumption,  and  In  view  of  the  readiness  with  whtcb 
protein  or  Its  cleavage  products  In  the  body  seon  to  be  deamldlsed  and  utilised 
as  fuel,  tbe  assumption  seems  of  questionable  validity. 

Second,  In  applying  the  method  It  Is  necessary  to  know  accurately  the  mini- 
mum amount  of  protein  katabolleed  on  a  nltr<^en-free  diet,  since  any  error  In 
the  determination  of  its  quantity  seriously  affects  the  final  result.  The  protein 
katabollsm.  however,  under  tbese  conditions.  Is  not  a  constant  quantity,  as 
has  already  been  pointed  out,  but  varies  more  or  less,  especially  wlUi  the  state 
of  protein  nutrition  of  tbe  cells.  Accordingly.  It  must  be  determined  as  accu- 
rately as  possible  for  the  subject  at  the  time  of  the  experiment,  pr^erably 
Immediately  before  and  Immediately  after. 

Third,  the  amonnt  of  protehi  fed  must  be  less  than  that  katabollsed  on  the 
nttrogen-free  diet  If  an  excess  of  protein  be  consumed,  the  additional  amount 
will  tend  to  be  katabollzed  and  used  as  fuel,  thus  rendering  the  comparison 
between  the  two  periods  lllnsory,  since  ft  Is  obvious  that  any  such  oxidation 
of  protein  would  tend  to  make  Its  availability  appear  too  low.  Thomas's 
experiments  were  made  upon  himself  and  included  four  series,  two  In  May  to 

'  Arcbir  fOr  (Anatomle  und)  Ph^gfolaglE',  1909,  p.  219. 


BBLATIVE  VALUES  OF  PBOTEINB.  107 

July  and  two  In  September  to  November  of  tbe  ume  jenr.  He  dfliermlned  bla 
protein  katabollsm  upon  s  nonnltroKenous  diet  (cbleOy  carbohydrates)  In  three 
or  fonr  day  periods  In  each  serlee  and  alBo  Interpolated  single  nitrogen-free 
days  during  each  serlea.  The  resnlts  of  these  periods  wen  more  or  less  vari- 
able, but  the  final  values  employed  by  him,  altbongb  representing  to  some  de- 
gree an  arbitrary  selection  of  days,  aeem,  on  the  whole,  to  fairly  represent  the  * 
nitrogen  katabolism;  that  is,  they  satisfy  the  second  of  the  two  conditions 
above  pointed  out 

With  these  valnea  for  tbe  protein  katabolism  were  compared  the  nitrogen 
balances  of  periods  of  from  two  to  foar  days  (or  in  a  few  cases  only  one  day) 
in  which  single  foods  were  consumed  along  with  sufficient  carbohydrates  and 
fat  to  fully  snpply  the  demands  of  the  body  for  energy.  The  technic  of  these 
periods,  however,  can  hardly  be  regarded  as  entirely  satisfactory.  Out  of  8S 
days,  the  results  of  which  are  contained  In  his  final  table,  the  protein  digested 
was  greater  than  the  average  protein  kataboliam  on  the  nitrogen-free  days  in 
21  cases,  t2ie  difference  sometimes  being  considerable  and  sometimes  relatively 
InMgnlflcaut  As  already  pointed  oat,  this  tended  to  make  the  availability 
appear  too  low,  and  It  is  noteworthy  that  the  excess  of  food  protein  Is  especially 
large  In  the  eiperimenta  upon  wheat  flour  which  show  a  strikingly  low  aval)- 
ability.  On  the  other  hand,  however,  It  la  also  true  that  a  very  low  availability 
was  found  for  roalxe  protein  In  ^perlments  In  which  but  a  slight  excess  was 
fed.  In  these  eiperlmmta,  however,  the  apperent  dlgeHtlblllty  of  the  protein 
was  remarkably  tow,  ranging  from  C6  to  69  per  cent,  but  a  similar  low  digesti- 
bility (about  68  per  cent)  was  found  In  the  trials  with  rice.  Purtbermore,  tbe 
l>erlods  were  relatively  short  and  In  many  Instances  tbe  nitrogen  intake  varied 
considerably  witbin  tbe  period,  so  that  It  may  be  questioned  whether  ttie  nitro- 
gen excretion  reacbed  a  stable  vala&  Uoreorer,  to  some  extent  there  was  a 
more  or  lees  arbitrary  selection  of  days  to  be  comittired.  For  all  these  reasons 
Thomas's  results  must  be  accepted  with  more  or  lew  reserve. 

His  final  results  for  the  percentage  avBllebllltr  of  the  protein  of  dllFereut 
materials  are  as  follows,  the  results  being  calculated  In  three  different 
ways,  viz : 

A.  Fecal  nitrogen  all  regarded  as  derived  from  the  food,  that  Is,  tbe  compari- 
son la  made  upon  tbe  basis  of  the  apparently  digested  protein. 

B.  Fecal  nltrc«en  regarded  as  being  all  present  in  the  form  of  metabolic 
products. 

C.  One  gram  of  fecal  nltn^Ki  la  regarded  as  derived  from  metabolic  products 
and  the  remainder  from  undigested  tood. 

Relative  avaVatMitt/  of  proteins— Thomas. 
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ROattve  ovaUoMMy  of  pntMn» — Thonat — Gontlnoed. 
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In  Ztoteiw's  experiments,  Bummarlxed  on  page  IM,  tbe  feed  nitrogen  li 
so  BlIglitlT  In  excese  of  tbe  Caetlng  nitrogen  katebolteai  that  it  wonld  seem  thet 
no  1arg»  error  would  resnlt  from  appljlne  Tbonas's  metbod  of  oontputatlon. 
Ttie  remlte  ar«  ai  follows ; 

Percentage  avotioMUfy. 


ftrte.1. 

Sedan. 
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The  results  as  thus  computed  are  not  widely  dltterent  from  thoM  obtained 
by  Thomas  for  casefn  and  meat  protein,  but  are  slightly  higher  than  his  results 
for  wheat  protein.  Mlcbaud's  results  do  not  lend  tbeaMelvee  to  computation  In 
this  way. 

Another  rec«it  Investigation  of  a  different  character  may  be  mwitlOBed  (or 
tlie  sake  of  completcnens.  tIs.  that  on  frogs  by  Busquet,'  who  comiiared  lean 
venl  and  mutton  with  frog  meat  as  regards  the  amomit  required  to  maintain 
the  live  weight  or  to  produce  a  unit  of  gain  of  weight  In  previously  tatiti-ag 
frogs.  In  this  re^fect  the  veal  and  mutton  were  foond  distinctly  inferior  to  the 
frog  meat  per  unit  of  dry  matter. 

OP   KB8ULT8. 


In  tlie  comments  upon  the  individual  experiments,  it  has  already 
been  dearly  indicated  that  the;  are  open  to  criticiBm  in  many  re- 
spects, such  as  the  noncomparable  nature  of  the  protein  supply,  the 
lack  of  due  consideration  of  the  supply  of  mineral  matter,  etc. 
Moreover,  nearly  all  the  experiments  were  of  relatively  short 
duration. 

Taking  the  results  at  their  face  value,  however,  they  seem  to  in- 
dicate distinct  differences  in  the  nutritive  values  of  proteins.  Tbe 
entire  lack  of  certain  groups,  as  in  the  case  of  gelatin  and  zein. 


>  lonrnal  it  rhj-elologle  et  de  Palhologle  GtatnXr,  vol.  11.  p.  S 
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seems  to  render  impoasible  a  complete  subetitutioD  for  tissae  pro- 
tein, while  differences  in  the  proportions  of  the  diffoent  amino 
acids  apparently  result  in  differences  in  the  replacement  values  of 
the  proteins,  alUwugh  these  differences,  especially  in  the  experiments 
of  Michaud  and  Zisterer,  are  hardly  as  great  as  might  have  been 
expected.  What  now  can  be  said  regarding  the  probable  significanc« 
of  these  differences  for  the  ordinary  problems  of  nutrition ! 

In  the  first  place,  it  is  to  be  remarked  that  both  man  and  animals 
consume  a  mixture  of  proteins.  The  meat  eater  gets,  along  with 
his  gelatin,  the  various  muscle  proteins.  The  animal  fed  on  maize 
alone  receives  not  only  sein  but  its  associated  proteins,  amounting, 
aocording  to  Osborne,^  to  about  40  per  cent  of  the  total  protein  of 
the  grain,  whose  chemical  constitution  has  not  yet  been  reported. 
In  the  ordinary  mixed  rations  of  domestic  animals  it  would  appear 
that  there  must  be  a  considerable  degree  of  compensation  between 
the  different  proteins  as  regards  the  proportions  of  the  different 
cleavage  products  supplied  to  the  organism,  although  it  is  difficult 
to  judge  to  what  extent  this  is  the  case.  In  view,  however,  of  the 
rather  small  differences  observed  with  pure  proteins,  it  may  be 
qu«eti(Hied  whether  such  differences  as  exist  in  mixed  rations  ate  of 
very  much  significance. 

In  the  second  place,  the  observed  differences  in  proteins  were  ob- 
tained in  experiments  in  which  small  amounta  of  protein  were  con- 
sumed and  in  which  the  animals  were  on  a  low  level  of  protein 
nutrition.  As  was  pointed  out  in  the  discussion  of  those  experiments, 
the  consumption  of  protein  in  excess  of  the  maintenance  requirement, 
such  as  usually  occurs  with  domestic  animals,  tends  to  obscure  the 
differences  between  the  proteins,  owing  to  the  considerable  extent  to 
which  protein  serves  for  fuel  purposes  under  those  cmditions. 

Third,  almost  all  writers  upon  this  subject  tacitly  assume  the  in- 
ability of  the  body  to  change  one  amino-acid  into  another.  It  does 
not  appear  that  there  is  adequate  proof  of  this  inability.  Most  of 
the  amino  acids  concerned  helong  to  the  aliphatic  series  of  com- 
pounds, characterized  by  a  strai^t  carbon  dhain,  and  as  between 
these  compounds,  at  least,  mutual  changes  are  not  difficult  to  conceive. 
As  a  matter  of  fact  one  such  change  appears  to  have  been  dem- 
onstrated. It  is  well  known  that  when  benzoic  acid  is  consumed  it 
is  paired  in  the  body  with  glycocol,  forming  hippuric  acid  which  is 
excreted.  It  seems  to  be  well  established  that  with  large  amounts  of 
benzoic  acid  more  combined  glycocol  may  appear  in  the  excreta  than 
can  be  assumed  to  have  been  present  as  such  in  the  amount  of  protein 
katabolized  during  the  same  time.  In  this  case,  apparently,  the  body 
is  able  to  manufacture  ^ycocol  from  some  other  substance,  pre- 
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sumably  from  the  amino-acidB  containing  a  larger  number  of  carbon 
atoms.  Whether  a  change  in  the  opposite  direction,  that  is,  a  syn- 
thetic diange,  can  take  place  can  be  at  present  only  a  matter  of  specu- 
lation, but  such  a  change  would  be  entirely  analogous  to  the  building 
up  of  the  fatty-acid  chains  from  carbohydrates,  which  la  a  common 
occurrence  in  the  body.  Moreover,  Knoop,'  and  Embden  and 
Schmitz'  have  found  that  certain  amino  acids  may  be  formed  syn- 
thetically from  the  corresponding  fatty  acids  and  ammonia,  thus 
indicating  a  possible  chemical  mechanism  by  which  a  deficient  sup- 
ply of  some  one  amino-acid  might  be  to  some  extent  overcome.  While, 
therefore,  we  can  hardly  suppose  that  the  proportions  of  the  diffwent 
cleavage  products  is  a  matter  of  entire  indifference,  we  can  easily 
imagine  that  there  may  be  more  or  less  transformation  of  one  into 
another  in  case  of  need. 

Finally,  there  is  the  possibility  that  in  the  absence  of  some  one 
amjno-acid  from  the  feed,  the  corresponding  acid  resulting  from  the 
katabolism  of  protein  tissue  may  to  a  greater  or  less  extent  escape  the 
action  of  the  deamidizing  enzyms  and  be  regenerated  to  protein. 
This  would  obviously  be  quite  in  accord  with  the  conception  of  the 
protein  metabolism  as  a  complex  of  reversible  enzym  reactions  which 
was  outlined  on  page  87. 
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tl.  S.  Department  of  AoBicuLTtraB, 
BuBEAu  OF  Animal  Industet, 
Washington,  D.  C,  Auytist  IS,  1911. 
Sm:  I  have  \ha  honor  to  transimt,  and  to  recommend  for  publica- 
tion in  the  bulletin  Beries  of  this  bureau,  the  manuscript  of  a  paper 
entitled  "Investigations  Relative  to  Arsenical  Dips  as  Remedies  for 
Cattle  Ticks,"  by  Dra.  B.  H.  Ransom  and  H.  W.  Graybill,  of  the 
Zoological  Division. 

One  of  the  most  important  phases  of  the  problem  of  dealing  with 
the  Texas  fever  tick  is  the  finding  of  some  effectual  means  of  ridding 
cattle  of  the  parasites.  When  large  numbers  of  animals  are  concerned 
the  most  practical  way  of  doing  this  is  by  dipping  them  in  some  sub- 
stance that  win  destroy  the  ticks.  A  large  variety  of  dips  have  been 
tried  in  this  and  other  countries,  but  it  has  been  difficult  to  find  one 
that  will  kill  the  ticks  without  causing  more  or  less  injury  to  the 
cattle  harboring  them. 

The  expffiments  described  in  this  bulletin  indicate  that  arsenical 
dips,  when  properly  compounded  and  used,  furnish  the  best  means  yet 
devised  for  the  purpose,  as  they  are  effective  in  destroying  tho  ticks 
and  at  the  same  time  least  objectionable  in  their  effects  upon  the 
cattle. 

Respectfully,  A.  D.  Melvin, 

Chief  of  Burmu. 
Hon.  James  Wilson, 

Secretary  of  Agricviture. 
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Plate  I.  One  hundred  and  twenty-three  engorged  female  ticks  after  dipping 

in  an  arsemcal  eolution 

II.  One  hundred  and  five  engorged  female  ticks  collected  on  the  same 
date  as  those  ebown  in  Plate  t  and  kept  under  the  same  conditions 
but  not  dipped 

III.  Fig.  1. — Fifty-aeveu  engorged  and  uearly  engorged  female  ticks  col- 

lected from  a  calf  immediately  after  dipping  in  an  arsenic  and 
pine-tar  solution.  Pig.  2. — Seventeen  engorged  female  ticks  col- 
lected from  an  undipped  calf 

IV.  Fig.   1.— Seven  fully  engorged  and  17  partially  engorged  female 

ticks  collected  from  a  calf  the  next  day  after  dipping  in  an  arsenic 
and  pine-tar  solution.    Fig.  2.— Engorged  female  tick  collected 

from  an  undipped  calf 

V.  Fig.  1. — Seven  fully  engorged  and  10  partially  ei^oiged  female 
ticks  collected  from  a  calf  two  daj^  after  dipping  in  an  arsenic  and 
pine-tar  solution.    Fig.  2.— Five  fully  engorged  and  three  partially 

engorged  female  ticks  collected  from  an  undipped  calf 

VI.  Fig.  1. — Fifty-one  engorged  female  ticks  after  dipping  ia  an  arsenic 
and  pine-tai  solution.  Fig.  2. — Forty  engorged  female  ticks  col- 
lected from  Bn  undipped  calf 
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Fig.  1.  Plan  of  draining  pen  for  cattle  after  dipping 
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REMEDIES  FOR  CAHLE  TICKS. 


IKTBODVOnOK. 

It  is  now  a  well-known  fact  that  the  Texas-fever  tick  may  be 
eradicated  from  cattle  and  pastures  by  following  a  certain  course  of 
procedure  in  which  the  cattle  are  moved  from  time  to  time  from 
one  pasture  to  another;  in  other  words,  eradication  may  be  accom- 
plished by  so-called  "rotation  methods"  without  the  necessity  of 
treating  the  cattle  with  tick-killing  substances.  In  many  instances, 
howcTer,  it  is  impracticable,  uneconomical,  or  on  some  other  account 
undesirable  to  depend  upon  the  automatic  eradication  which  idti- 
mately  takes  place  when  proper  rotation  methods  are  followed. 
ThertiTore  it  becomes  necessary  in  such  cases  either  to  use  them  in 
connection  with  other  methods  or  to  resort  to  other  methods  alone. 
The  dipping  or  spraying  of  cattle  with  a  substance  destructive  to 
ticks  provides  a  means  of  hastening  eradication  and  of  rendering  it 
possible  in  the  presence  of  conditions  under  which  unmodified  rota- 
tion methods  would  be  practically  out  of  the  question. 

Ever  since  the  fact  that  the  tick  is  the  ^ent  of  transmission  of 
Texas  fever  was  established,  investigations  have  been  carried  on  under 
the  auspices  of  the  Bureau  of  Animal  Industry,  State  agricultural 
experiment  stations,  and  other  institutions  for  the  purpose  of  dis- 
covering some  substance  which,  when  applied  externally  to  the  bodies 
of  tick-infested  cattle,  would  free  them  from  ticks  witiiout  injury  to 
the  a-nimftlq  themselves.  Very  early  in  the  history  of  these  investi- 
gations it  was  found  that  ticks  were  highly  resistant  to  treatment, 
and  it  has  been  determined  that  several  remedies  which  give  good 
results  in  the  case  of  such  external  parasites  as  mange  mites  and 
lice  are  of  little  or  no  use  in  the  case  of  ticks.  Some  substances 
appeared  to  have  absolutely  no  effect  and  others,  when  applied  at  a 
sufficient  strength  to  destroy  the  ticks,  were  so  severe  in  their  effects 
upon  tiie  cattle  that  they  could  not  be  used  in  practice.  For  example, 
lime-and-sulphur,  tobacco,  and  coal-tar  dips,  which  are  very  satis- 
factory remedies  against  certain  other  external  parasites  of  cattle, 
have  been  found  to  have  no  practical  value  in  the  destruction  of  ticks. 
Oil  dips  have  proved  more  successful,  and  for  several  years  crude 
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petroleum,  providecl  it  conformed  to  certain  requirements  as  to  ita 
physical  and  chemical  characteristics,  has  been  recognized  by  the 
live-stock  sanitary  authorities  of  the  Federal  Government  and  of 
various  States  as  an  efficacious  remedy  against  cattle  ticks.  How- 
ever, although  the  efficacy  of  crude  petroleum  is  generally  admitted, 
there  are  a  number  of  more  or  less  serious  objectiona  to  it  which  have 
lai^ely  interfered  with  its  usefulness.  Among  these  objections  may 
be  mentioned  the  facts  that  in  practice  crude  petroleum  of  proper 
composition  is  difficult  to  procure,  is  rather  expensive,  bulky,  liable 
to  loss  by  leakage,  is  frequently  very  severe  in  its  effects  upon  cattle, 
and  produces  a  greasy  condition  of  the  hair  and  skin  which  is  highly 
undesirable  in  the  case  of  dairy  cattle. 

About  six  years  ago  the  Bureau  of  Animal  Industry  began  investi- 
gating arsenical  solutions  with  reference  to  their  utility  for  dipping 
cattle  to  free  them  from  ticks.  At  that  time  arsenical  dips  as  reme- 
dies against  ticks  had  been  considerably  used  in  South  Africa,  and 
to  some  extent  in  Australia  and  Soutli  America,  but  practically  not 
at  all  in  the  United  States.  In  1906,  following  the  publication  of 
two  articles'  by  Dr.  N.  S.  Mayo,  at  that  time  chief  veterinarian  (A 
Cuba,  in  which  an  arsenical  solution  was  highly  recommended  as  botii 
efficacious  against  ticks  and  noninjurious  to  cattle,  a  number  of  trials 
of  arsenical  solutions  were  made  in  Texas,  at  first  under  cooperation 
between  the  Bureau  of  Animal  Industry  and  the  live-stock  sanitary 
commission  of  Texas  and  later  by  the  Bureau  of  Animal  Industry 
working  alone.  The  composition  and  method  of  preparing  the 
aiBenical  solution  as  described  by  Mayo,  in  the  first  article  referred  to, 
are  as  follows : 

Whita  uwiiic 1}  pounda. 

Sodium  ciibonate,  crysUla 4)  pounda. 

Yellow  Boap 41  pounda. 

Fine  tar 1  quart. 

Wat«r 100  gallons. 

1%e  anenic  is  to  be  dinolved  in  6  or  more  gallona  of  water  by  boiling  for  one-half 
hour;  i^en  dieBoIved  add  it  to  20  galloua  of  water.  Shave  the  soap,  mix  with  the 
■oda  and  dissolve  in  5  gallons  of  water.  When  diasolved,  add  the  tar  in  a  fine  Btteam 
and  stir  until  the  tar  ia  in  solution,  then  mix  with  the  arsenical  solution  and  add 
■u£Scient  water  to  make  100  gallona. 

In  the  second  article  referred  to,  which  appeared  about  a  month 
later.  Mayo  gave  a  somewhat  different  formula,  but  essentially  the 
same  method  for  preparing  the  arsenical  dip,  as  follows: 

Aiwnioua  acid 8  pounda. 

Soda  carbonate,  crystals 24  pounda. 

Yellow  soap 24  pounds. 

Fine  tar 1  gallon. 

Water 500  gallona. 

'BnMMr^  GuMU,  vol.  U,  No.  II,  p.  (64,  and  Amertcaa  VeteilDUy  R«Tlew,  vol.  ao.  No.  ^  pp.  M3-Stt, 
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DJBolve  the  anank  in  20  gallc»u  or  more  of  mtei  by  boiling  for  30  to  40  minutes. 
When  diBBOlved,'  add  to  100  gallons  of  water.  Dieeolve  the  Boap  and  soda  in  20  gallons 
ot  boiling  wal«r,  fint  ahaviug  the  soap,  aod  whUe  boUing  add  the  pine  tar  in  a  thin 
stream  and  stir  until  it  is  dissolved.  Mix  this  with  the  arsenical  solution  and  add 
aaflh:ient  wat«t  to  make  600  gallons. 

Id  the  course  of  the  first  year's  trials  of  the  dip  in  Texas  Dr.  Mayo'a 
formtila  was  slightly  modified  by  the  omission  of  the  soap,  which  did 
not  seem  to  add  to  the  efHcacy  of  the  dip.  The  formula  and  method 
of  preparation  which  were  usually  employed  were  as  follows: 

White  aisenic 6  pounds. 

Sodium  carbonate 24  pounds. 

Pine  tar 1  gallon. 

Wat«c  mifficient  to  make 600  gallons. 

The  arsenic  and  sodium  carbonate  were  dissolved  by  boiling  in 
25  or  30  gallons  of  water,  after  which  the  fire  was  drawn  and  the 
solution  allowed  to  cool  somewhat.  The  tar  was  then  added,  and 
finally  the  mixture  was  added  to  sufiicient  water  to  make  500  gallons 
of  dip. 

During  1906  about  12,000  head  of  cattle  were  treated  in  Texas 
with  the  arsenical  dip  under  the  supervision  of  inspectors  or  agents 
of  the  Bureau  of  Animal  Industry  with  results  which  in  some  respects 
were  highly  encouraging.  Though  it  appeared  questionable  from  the 
reporta  of  these  dippings  whether  the  dip  was  absolutely  efiicacious, 
there  seemed  to  be  no  doubt  as  to  its  highly  destructive  action  on 
ticks  and,  as  compared  with  crude  petroleum,  its  slight  injurious 
eSecta  upon  cattle.  In  fact,  the  apparent  merits  of  the  dip  were 
such  that  its  use  was  enthusiastically  adopted  by  cattle  owners  in 
Texas  and  has  been  continued  up  to  tiie  present  time,  the  range  of 
popularity  of  the  dip  increasing  from  year  to  year. 

In  consequence  of  the  promising  results  secured  in  the  first  trials 
of  the  aisenical  solution,  the  Bureau  of  Animal  Industry  has  carried 
out  a  number  of  investigations  and  experiments  in  order  to  obtain 
definite  data  relative  to  the  efficacy  of  arsenical  solutions  as  remedies 
against  ticks. 

ocncFOSinoN  of  thb  dips  used  nr  tee  vxp^ktmexttal 

WOBK. 

In  moBt  of  the  experiments  the  arsenical  solution  used  was  com- 
poimded  in  accordance  with  the  modification  of  Dr.  Mayo's  formula 
given  above,  the  amounts  of  arsenic  varying  from  8  to  12  pounds,  and 
of  sal  soda  from  24  to  45  pounds,  for  each  500  gallons  of  dip,  in  dif- 
ferent instances.  When  pine  tar  was  used  it  was  added  in  the  pro- 
portion of  1  gallon  to  each  500  gallon^!  of  dip.  In  some  of  the  ezperi- 
mentfl  arsenical  dips  of  somewhat  different  composition  were  used. 
The  amount  of  arsenic  in  solution  in  the  various  dips,  expressed  in  its 
equivalent  of  arsenic  trioxid,  varied  from  0.16  to  0.495  per  cent. 
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In  the  Mayo  dip  and  ite  modifications  the  arsenic  ia  present  in  the 
form  of  a  sodium  salt  known  as  sodium  arsenite,  which  results  from  the 
chemical  reaction  which  takes  place  between  the  arsenic  (arsenic 
trioxid)  and  the  sal  soda  (sodium  carbonate)  when  these  substances 
are  boiled  together.  It  has  been  found  by  Aubrey  Y.  Fuller/  of  the 
Biochemic  Division  of  this  bureau,  that  under  certain  conditions  the 
aodium  arsenite  in  an  arsenical  dip  becomes  more  or  less  completely 
oxidized  to  sodium  arsenate,  this  change  occurring  after  the  lapse  of 
several  weeks,  a  fact  of  great  practical  importance,  since  sodium 
arsenate  seems  to  be  weaker  in  ite  action  upon  ticks  than  is  sodiun^ 
arsenite. 

In  the  experiments  recorded  in  the  present  paper  the  arsenic  in  the 
dips  used  was  in  solution  as  arsenite  unless  otherwise  stated,  and  was 
known  so  to  be  either  because  the  dips  were  used  fresh  or  because  the 
dips  were  afterwards  proved  by  chemical  anal^is  to  be  unoxidized. 

The  proportionate  amount  of  sal  soda  used  in  the  arsenic,  sal  soda, 
and  pine-tar  mixture  is  more  than  is  necessary  to  transform  the  arsenic 
into  sodium  arsenite.  It  has  not  been  determined  whether  a  dip  con- 
tuning  an  excess  of  soda  is  more  efficacious  than  one  in  whidi  just 
enough  soda  has  been  used  to  complete  the  reaction  with  the  arsenic. 
In  view  of  the  fact,  however,  that  the  cuticle  of  ticks  ia  softened  and 
may  be  dissolved  by  alkaline  solutions,  it  is  possible  that  the  efficacy 
of  the  dip  may  depend  in  part  upon  the  weak  alkalinity  given  to  it  by 
the  excess  of  soda  used  in  its  preparation.  The  function  of  the  pine 
tar  in  the  dip  is  indefinitely  known.  Whether  it  actually  renders  the 
dip  more  efficacious  ia  imcertain.  It  does,  however,  give  body  to  the 
dip,  and  also  serves  the  useful  purpose  of  rendering  the  appearance 
and  odor  of  the  dip  distinctive. 

DETAILS  OF  THB  KXPRKDEBlTrS. 

AB8EN10,   SODA,   AKD  PINE-TAB  DIPS. 

Exptriment  No.  1. 

Twelve  head  of  cattle,  most  of  them  moderately  or  heavily  infested 
with  ticks,  were  dipped  October  13,  1907,  near  Quanah,  Tex.,  in  an 
arsenic,  soda,  pine-tar  dip  containing  an  equivalent  of  0.204  per  cent 
arsenic  trioxid.*  The  dip  was  prepared  from  20  pounds  of  commensal 
arsenic  (96. 1 8  per  cent  arsenic  tnoxid') ,  60  pounik  of  sal  soda,  2  gallons 
of  pine  tar,  and  1,075  gallons  of  water.  The  quantity  of  water  was 
determined  from  arithmetical  calculations  based  upon  measurements 
of  the  dimensions  of  the  vat.  The  vat  was  about  20  feet  in  length  at 
the  surface  of  the  dip,  and  the  cattle  when  dipped  were  immersed  from 
5  to  10  seconds. 
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The  cattle  suffered  no  evideot  injury  to  the  skin  aa  &  result  of  dip* 
ping.  Seven  days  after  dipping  they  were  nearly  free  from  ticks,  ^e 
ticks  present  being  partially  grown  females,  males,  and  nymphs.  Of 
sir  engorged  ticks  which  dropped  from  iha  cattle  immediately  after 
dipping,  4  died  without  depositing  eiggp,  tiie  other  2  depositing  a  few 
eggs,  none  of  which  hatched.  Two  days  after  dipping  14  engorged 
licks  were  collected,  5  of  which  died  without  depositing  eggs.  The 
other  9  deposited  a  few  eggs,  none  of  which  hatched.  Ei^t  engorged 
ticks  collected  October  12  from  undipped  cattle,  and  kept  under  the 
same  conditions  as  those  from  the  dipped  cattle,  all  deposited  a  normal 
number  of  e^^s,  nearly  all  of  which  hatched.  Four  nymphs  were  col- 
lected two  days  after  dipping.  One  afterwards  molted,  1  died  in 
course  of  molting,  and  2  failed  to  molt.  Seven  days  after  dipping  13 
nymphs  were  collected.  One  of  tiiese  afterwards  molted,  and  12 
failed  to  molt.  Fourteen  nymphs  were  collected  from  an  undipped 
cow  October  15  and  kept  under  the  same  conditions  as  those  from  the 
dipped  cattle.  Tea  of  tiiese  afterwards  molted,  1  died  while  molting, 
and  3  failed  to  molt. 

Experiment  So.  la. 

October  16,  three  days  after  the  first  dipping,  a  heavily  infested  cow 
was  redipped,  after  the  addition  of  4  pounds  of  arsenic  and  12  pounds 
of  soda,  previously  boiled  together,  to  the  dip  already  in  the  vat.  No 
analysis  was  made  of  this  strengthened  dip,  but  the  amoimt  of  arsenic 
may  be  estimated  as  equivalent  to  about  0.24  per  cent  arsenic  trioxid. 

October  20,  four  days  after  the  second  dipping  and  seven  days  after 
the  first  dipping,  there  was  no  apparent  injury  to  the  skin.  Nearly 
fdl  the  ticks  were  dead.  Those  remaining  ^ve  were  females  one-half 
to  fully  grown,  most  of  them  showing  distinct  evidences  of  having  been 
injured  by  the  dip.  Twenty-five  engorged  ticks  were  collected  from 
the  cow  in  this  experiment  four  days  after  the  second  dipping;  19  of 
these  died  wiUkin  24  hours;  2  of  the  remaining  6  afterward  deposited 
a  few  eggs,  none  of  which  hatched.  The  other  4  died  without  deposit- 
ing eggs.  Fourteen  engorged  ticks  collected  from  undipped  cattle 
October  22  and  kept  under  the  same  conditions  as  those  from  tiie  dipped 
cow  deposited  numerous  eggs,  most  of  which  hatdied.  Another  lot 
of  6  engorged  ticks  collected  on  Uie  same  dat«  from  undipped  cattle 
deposited  about  1,000  eggs,  about  100  of  which  hatched. 
Experiment  No.  t. 

Two  cattle  heavily  infested  wiUi  ticks  were  sprayed  in  a  spraying 
machine  October  22,  1907,  near  Vemon,  Tex.,  with  an  arsenic,  soda, 
and  pine-tar  dip  containing  an  equivalent  of  0. 172  per  cent  arsenic  bi- 
ozid.*  The  dip  was  prepared  from  10  pounds  of  commercial  arsenic 
(99.66  per  cent  arsenic  trioxid '),  24  pounds  of  sal  soda,  1  gallon  of 
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pine  tar,  and  500  gallons  of  water  (measured  in  barrels).  The  cattle 
were  held  in  the  spraying  machine  for  about  10  seconds.  Owing  to 
the  faulty  working  of  the  machine,  the  application  of  the  dip  was  not 
as  thorough  as  it  might  have  been  had  the  machine  worked  properiy. 
The  skin  injury  as  a  result  of  spraying  was  very  slight,  and  the 
evidences  of  injury  had  practically  disappeared  eight  days  after  the 
treatment.  Five  days  after  spraying  the  skin  of  one  of  the  animals 
was  somewhat  thickened  between  the  hind  l^s  and  on  the  neck 
where  the  ticks  had  been  numerous,  and  the  skin  on  the  neck  of  the 
other  animal  where  the  ticks  had  been  particuUrly  numerous  was 
very  slightly  thickened  and  cracked.  The  cattle  were  nearly  free 
from  ticks  eight  days  aftw  spraying,  the  ticks  present  being  puiiiatly 
grown  females,  males,  and  nymphs.  Eight  engorged  ticlcs  were 
collected  from  the  cattle  16  hours  after  spraying.  One  of  these  died 
without  depositing  ^gs;  the  other  7  laid  relatively  few  eg^,  none  of 
which  hatched.  Of  5  engorged  ticks  collected  five  days  after  spray- 
ing, 4  died  without  depositing  eggs;  the  other  one  laid  about  200  e^s, 
none  of  which  hatched.  Fourteen  engorged  ticks  collected  October 
22  from  untreated  cattle  and  kept  under  the  same  conditions  as  those 
from  the  sprayed  cattle  deposited  numerous  ^^,  most  of  which 
hatched,  and  another  lot  of  6  engorged  Uck^  collected  on  the  same 
date  from  untreated  cattle  deposited  about  1,000  eggs,  about  100  of 
which  hatched.  Seven  nymphs  collected  16  hours  aftOT  spraying 
failed  to  molt.  Sixty-nine  nymphs  collected  five  days  after  spraying 
failed  to  molt  Seven  nymphs  collected  eight  days  after  spraying 
failed  to  molt.  Twenty-five  nymphs  were  removed  from  untreated 
cattle  October  22  and  were  afterwards  kept  under  the  same  conditions 
as  those  from  the  sprayed  cattle.  All  but  4  of  these  molted. 
Expenmenl  No.  i. 

Three  cattle  heavily  infested  with  ticks  and  two  cattle  lightJy 
infested  were  sprayed  July  11,  1908,  near  Purcell,  Okla.,  with  an 
arsenic,  sal  soda,  and  pine-tar  dip  containing  an  equivalent  of  not 
more  than  0.217  per  c^t  arsenic  trioxid.  The  dip  was  prepared  from 
3  pounds  of  commercial  arsenic  (90.05  per  cent  arsenic  triozid'), 
16  pounds  of  sal  soda,  0.3  gallon  of  pine  tar,  and  165  gallons  of  water. 
The  same  spraying  machine  was  used  that  was  used  in  Experiment 
No.  2.  The  cattle  were  not  held  in  the  machine,  but  were  allowed 
to  pass  through  as  rapidly  as  they  would. 

The  skin  of  these  cattle  was  only  very  slightly  injured.  Five  days 
alter  treatment  3  of  the  cattle  were  nearly  free  from  ticks;  the  other 
2  could  not  be  found  on  this  date.  The  Uve  ticks  present  were  2 
engoi^ed  females,  a  few  partially  grown  females,  1  male,  and  a  con- 
uderable  number  of  nymphs,  which  were  apparently  still  alive. 
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Fifteen  engorged  females  were  removed  from  the  cattle  immediately 
after  epraying.    All  of  these  died  without  depositing  eggs. 

For  comparison  it  may  be  noted,  in  the  absence  of  any  data  as  to 
engorged  ticks  from  untreated  cattle  on  July  11,  that  engorged  ticks 
(number  not  recorded)  collected  July  11  from  cattle  sprayed  July  8 
with  an  emulsion  of  crude  petroleum  and  liquor  cresolis  compositus 
containing  about  5  per  cent  crude  petroleum  and  about  1  per  cent 
creeylic  acid,  deposited  a  normal  number  of  eggs,  many  of  which 
hatched.  These  ticks  were  kept,  after  their  removal  from  the  cattle, 
under  the  same  conditione  as  those  from  the  cattle  sprayed  with  the 
arsenical  dip.  Six  nymphs  were  collected  immediately  f^ter  spraying 
from  the  cattle  sprayed  with  arsenical  dip,  and  2  of  these  molted. 
Four  nymphs  were  collected  on  the  same  date  from  the  cattle  sprayed 
three  days  before  with  the  oil  and  cresol  emulsion,  and  were  kept  after 
collectioD  under  the  same  conditions  as  those  from  the  cattle  sprayed 
with  the  arsenical  dip;  all  but  one  of  them  molted. 


August  7,  1908,  228  fully  engorged  ticks  were  collected  from  eome 
infested  cattle  at  the  Bureau  Experiment  Station,  Bethesda,  Md. 
On  August  8, 123  of  these  ticks  were  immersed  in  an  arsenical  solution 
containing  an  equivalent  of  not  more  than  0.213  per  cent  arsenic 
trioxid.  They  remained  in  the  solution  two  minutes,  were  then 
removed  and  dried  by  means  of  filter  paper,  after  which  they  were 
placed  in  a  large  Petri  dish  under  a  hell  jar  under  which  was  also 
placed  an  open  vessel  of  water.  The  arsenical  solution  was  prepared 
from  1  gram  of  arsenic  trioxid,  3  grams  of  sodium  carbonate,  and 
465  c.  c.  of  water.  No  pine  tar  was  added  to  the  solution.  Twenty- 
two  of  the  ticks  died  without  depositing  e^.  The  remainder 
deposited  eggs  whose  aggregate  weight  equaled  2.876  grams.  Ovi- 
position  was  completed  September  1  (see  PI.  I,  from  a  photograph 
taken  on  this  date).    None  of  the  e^8  hatched. 

August  8  the  remainder  of  the  ticks  collected  the  day  before,  105 
in  number,  were  placed  in  a  Petri  dish  under  the  same  hell  jar  as  those 
which  were  immersed  in  arsenical  solution  and  kept  thereafter  under 
the  same  conditions  as  the  latter.  All  of  the  untreated  ticks  deposited 
^gB  whose  aggr^ate  weight  amounted  to  13.394  grams,  nearly  5 
times  the  weight  of  the  eggs  from  the  dipped  ticks.*  Oviposition  was 
completed  September  1  (see  Fl.  II,  from  a  photograph  taken  on  this 
date).  Practically  all  of  the  eggs  from  the  untreated  ticks  after- 
wards hatched. 

'  II  ii  to  be  noted  bera  and  bemtlei  In  tblt  pt^ier  that  when  *  cwmputacm  by  weight  la  made  between  the 
tgff  Uld  hj  tlcln  that  hsTB  been  dipped  and  the  egff  Id  the  caireapondlng  ooDtiul  lot,  the  dUeienee  It 
Kiaiewhat  empbuliad,  duB  to  tha  bet  that  the  eggf  bom  dipped  llaka  oommettl;  become  more  or  ]em 
riulTeled,  and  henee  weigh  eooieirbM  le«  than  the  Mme  munbet  of  normal  eggi. 


tyGooj^le 


ABSENICAL  DOB  FOB  CATTLE  TICKS. 


During  several  weeks  in  the  late  eummer  and  early  fall  of  the  year 
190S,  larval  ticks  were  applied  eveiy  other  day  to  three  calvee  at  the 
Bureau  Experiment  Station,  Betheeda,  Md.  On  October  12  numer- 
ous 'ticks  of  all  ages,  from  newly  attached  larvte  to  fuUy  engorged 
females,  were  present  on  each  of  these  animals.  An  arsenic,  sal  soda, 
and  pine-tar  dip  was  prepared  which  contained  an  equivalent  of  0.16 
per  cent  arsenic  trioxid.'  On  the  aboTe-mentioned  date  one  of  the 
calves  (No.  582)  was  dipped  in  the  arsenical  dip  and  was  kept  in  the 
bath  two  minutes.  After  dipping  this  calf  was  placed  in  a  non- 
infested  pen.  Beginning  immediately  after  dipping,  all  female  ticks, 
so  far  as  possible,  were  collected  every  day  as  they  reached  the  stage 
of  full  engorgement.  These  ticks  were  brought  to  the  laboratory 
and  kept  in  Petri  dishes.  All  but  a  veiy  few  of  the  ticks  which 
matured  were  collected.  Those  which  matured  during  the  night  of 
course  escaped,  except  those  found  in  the  morning  crawling  on  the 
floor  of  the  pen. 

During  the  first  week  after  dipping,  October  12  to  18,  inclusive, 
1,340  engorged  ticks  were  collected  from  calf  No.  582.  The  egga  of 
291  of  these  ticks,  comprising  some  individuals  from  each  day's 
collection,  amounted  in  weight  to  5.57  +  grams,  an  average  of  0.019 
gram  per  tick.  Applying  tlus  average  to  the  entire  1,340  ticks,  the 
total  weight  of  e^^  may  be  assumed  to  be  25.46  grams.  By  calcula- 
tion from  the  records  which  were  kept  of  the  percfflitage  of  eggs 
hatching  from  the  ticks  of  each  day's  collection,  the  ^;s  which 
hatched  were  found  to  correspond  to  a  weight  of  0.178  +  gram,  or  0.7 
per  cent  of  all  the  ^gs  deposited  by  the  ticks  maturing  the  first  week 
'after  dipping,  which  corresponds  to  an  average  of  0.000133  gram  per 
tack.  Subsequent  to  October  18,  ticks  continued  to  mature  on  calf 
No.  582  until  November  9,  four  weeks  after  dipping,  the  total  number 
maturing  during  this  time  being  67. 

Calf  No.  583  was  dipped  October  12  in  the  arsenic,  soda,  and  pine- 
tar  dip  after  0.5  per  cent  (by  weight)  glycerin  was  added.  The  period 
of  immersion  in  the  bath  was  1)  minutes.  After  dipping,  \he  calf  was 
placed  in  a  noninfested  pen.  The  same  procedure  with  regard  to  the 
collection  of  engorged  ticks  was  followed  as  in  the  case  of  the  other 
calf.  During  the  first  week  after  dipping,  from  October  12  to  IS, 
inclusive,  1,907  engorged  ticks  were  collected  from  calf  No.  583,  and  the 
eggs  of  599  of  these  ticks  amounted  in  weight  to  10.2  +  grams,  an 
average  of  0.017  gram  pea*  tick.  Assuming  that  each  of  the  entire 
number  (1,907)  collected  averaged  the  same  amount  of  e^s  deposited, 
the  entire  weight  of  e^s  may  be  estimated  at  32.4  +  grams.  The 
number  hatching,  as  calculated  from  the  records  kept  of  the  per- 
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CMitage  which  hatched  from  the  ticks  of  each  day's  collection,  coire- 
spoads  to  a  weight  of  0.325  gram,  which  is  1  per  cent  of  the  total 
quantity  of  ^gs  laid,  or  an  average  of  0.00017  gram  per  tick.  The 
last  tick  to  mature  on  calf  Ho.  583  was  collected  on  November  7,  up 
to  which  time  and  Bubsequent  to  October  IS,  37  female  ticks  reached 
the  engorged  condition. 

Calf  No.  584,  the  undipped  animal,  was  put  in  a  noninfeeted  pen 
October  12  and  no  more  larvte  placed  on  it.  The  ticks  which  matured 
were  collected  every  day.  and  some  of  these  were  placed  in  Petri 
dishes  and  kept  under  tjie  same  conditions  as  the  ticks  from  the  2 
dipped  animals.  October  12  to  18,  inclusive,  the  number  of  engorged 
ticks  collected  from  calf  No.  584,  of  which  a  record  was  kept,  was  968. 
The  weight  of  the  ^;gs  deposited  by  358  of  these  was  25.54  +  grams, 
an  average  of  0.071  gram  per  tick.  This  average  is  about  four  times 
greater  than  the  averages  of  the  ticks  from  the  2  dipped  c^ves. 
On  the  haoB  of  an  average  of  0.071  gram  of  eggs  per  tick  the  total 
number  of  ^;s  deposited  by  the  recorded  ticks  collected  from  calf 
No.  584  October  12  to  18  may  be  estimated  as  corresponding  to  a 
weight  of  68.7  +  grains.  The  number  which  hatched,  as  calculated 
from  the  records  kept  of  the  percentage  which  hatched  from  the  ticks 
of  each  day's  collection,  corresponds  to  a  weight  of  55.59  grams,  which 
is  80  per  cent  of  the  weight  of  the  entire  number  of  eggs  deposited,  or 
0.056S  gr&m  per  tick. 

Assuming  0.04  milligram  to  be  the  average  weight  of  a  single  e^, 
tiie  average  number  of  lorvn  produced  by  each  tick  maturing  on 
calf  No.  584,  the  undipped  animal,  as  calculated  from  the  foregoing 
data,  was  1,400,  whereas  the  number  of  larvse  produced  by  the  ticlra 
maturing  on  the  other  calves  during  the  first  week  after  dipping 
averaged,  as  determined  by  a  similar  calculation,  only  3.2  for  each 
tick  maturing  on  calf  No.  582  and  4.2  for  each  tick  maturing  on  calf 
No.  583.  Ticks  continued  to  mature  on  calf  No.  584  until  November 
IS,  and  during  the  period  from  October  19  to  November  9  (the  latter 
date  being  the  last  day  on  which  any  ticks  matured  on  either  of  the 
dipped  animals)  1,029  ticks  were  recorded  as  maturing  on  this  animal, 
in  comparison  with  which  it  should  be  noted  that  only  67  and  37  ticks, 
respectively,  matured  on  the  2  dipped  cattle  subsequent  to  October  18. 

From  the  foregoing  it  is  evident  that  the  2  dipped  calves  became 
almoet  free  from  ticks  within  a  week  after  dipping,  only  67  in  one  case 
and  37  in  the  other,  which  afterwards  matured,  being  present  at  the 
end  of  this  time,  a  marked  contrast  to  the  fact  that  more  than  1,029 
ticks  that  afterwards  matured  were  still  present  on  the  undipped  calf 
a  week  after  removal  from  further  infestation. 

No  injury  to  the  skin  from  dipping  was  noted  other  than  a  veiy 
slight  dandruff-like  exfoliation.    The  addition  of  the  glycerin  tp  the 
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dip  in  whi<di  the  second  calf  was  dipped  had  no  apparent  effect  on  the 
action  of  the  dip. 

Expmmmt  No.  6. 

On  August  13,  1909,  a  calf  which  had  been  artificially  infested 
with  ticks,  and  which  at  the  time  of  dipping  harbored  ticks  in  all 
stages  of  development,  was  dipped  at  the  Bureau  Experiment  Station 
in  an  arsenic,  sal  soda,  and  pine-tar  dip  containing  an  equivalent 
of  0.215  per  cent  arsenic  trioxid.'  The  dip  was  prepared  from  7 
pounds  of  arsenic  trioxid,  21  pounds  of  ^dium  carbonate  (crystal- 
lized), 0.7  gallon  of  pine  tar,  and  about  350  gallons  of  water.  The 
calf  remained  in  the  bath  two  minutes.  After  dipping,  the  calf  was 
kept  in  a  tick-infested  pen  until  August  20,  seven  days  after  the 
first  dipping,  vhea  it  was  redipped  in  the  dip  which  had  been  left 
in  the  vat  since  the  first  dipping,  llie  calf  was  kept  in  the  bath 
two  minutes  at  the  second  (Upping,  and  then  removed  to  a  non- 
infested  pen.  B^;inning  immediately  after  the  first  dipping  the 
female  tieka  were  collected  as  they  reached  the  engorged  condition. 

The  skin  of  the  calf  was  very  slightly  affected  by  the  dipping, 
became  somewhat  thickened  in  places  on  the  neck  and  thighs,  and 
some  exfoliation  occurred.  When  the  animal  was  discharged  from 
the  experiment  September  9  the  skin  was  in  excellent  condition, 
soft,  pliable,  and  very  sleek. 

Five  days  after  the  first  dipping  a  few  newly  molted  adult  ticks 
and  a  few  partially  engorged  females  were  fomid  to  be  alive.  The 
latter  were  abnormally  swollen  as  a  result  of  arsenical  poisoning. 
Nymphs  apparently  alive  were  rather  numerous.  Seven  days  after 
the  first  dipping  most  of  these  were  certainly  dead.  A  few  newly 
molted  adults  were  found  to  be  alive,  and  partially  grown  females, 
abnormally  swollen,  were  still  present.  No  live  larvae  were  found 
on  either  the  fifth  or  seventh  day.  Eight  days  after  the  first  dipping 
no  live  ticks  in  any  stage  of  development  were  found,  nor  were  any 
found  subsequently. 

August  13,  immediately  after  dippii^,  57  engorged  and  nearly 
engorged  fem^e  ticks  were  collected  from  the  calf,  all  but  18  of 
which  died  without  depositing  e^s.  These  18  ticks  deposited  e^s 
whose  aggregate  wei^t  amounted  to  0.077  gram,  and  none  of  these 
hatched.  (See  Fl.  Ill,  fig.  1,  from  a  photograph  taken  Aug.  31.) 
Later  in  the  day,  August  13,  27  engorged  females  were  collected,  17 
of  which  died  without  depositing  eggs.  The  other  10  deposited  eggs 
aggregating '0.1008  gram  in  weight,  none  of  which  hatched. 

In  comparison  note  that  17  engotged  females  collected  August  13 
from  an  undipped  calf  and  kept  under  the  same  conditions  as  those 
from  the  dipped  calf  all  deposited  eggs  weighing  0.8953  gram,  97 
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per  cent  of  which  hatched.  (See  PL  III,  fig.  2,  from  a  photograph 
takeD  Aug.  31.)  Note  also  that  one  engoi^ed  female  collected 
August  13  from  an  undipped  calf  and  kept  under  the  same  conditions 
as  the  ticks  from  the  dipped  calf  deposited  e^e  weighing  0.0426 
gram,  40  per  cent  of  which  hatched.  (See  PI.  IV,  fig.  2,  from  a 
photograph  taken  Aug.  31.) 

August  14,  24  ticks  were  collected,  7  of  which  were  fully  engorged, 
the  others  partially  engorged.  Five  of  these  laid  cgga  weigjiing 
0.0512  gram.  The  others  died  without  laying  e^a.  None  of  the 
eggs  hatched.  (See  PI.  IV,  fig.  1,  from  a  photograph  taken  Aug. 
31.)  No  ticks  were  collected  on  this  date  from  undipped  cattle, 
but  it  may  be  noted  that  ticks,  already  referred  to,  which  were  col- 
lected from  undipped  cattle  the  day  before  and  were  kept  under  the 
Bame  conditions  as  those  from  the  dipped  calf  deposited  numerous 
eggs,  a  large  proportion  of  which  hatched.  (See  PL  IV,  fig.  2,  and 
PI.  Ill,  fig.  2,  from  photographs  taken  Aug.  31.) 

August  15,  17  ticks  (7  fully  engorged  and  10  partially  engorged) 
were  collected.  Thirteen  of  these  died  without  laying  e^s.  The 
other  4  laid  eggs  aggregating  0.05  gram  in  weight,  none  of  which 
hatched.  (See  PL  V,  fig.  1,  from  a  photograph  taken  Aug.  31.) 
No  ticks  were  collected  from  undipped  cattle  on  this  date,  but  the 
lot  of  ticks  just  discussed  may  be  compared  with  a  lot  of  8  females 
(5  fully  engorged  and  3  partially  engorged)  collected  from  an  un- 
dipped calf  the  following  day,  August  16.  These  were  kept  under 
the  same  conditions  as  the  ticks  from  the  dipped  calf,  and  all  of 
them  deposited  eggs  aggregating  0.4686  gram  in  weight,  99  per  cent 
of  which  hatched.  (See  PL  V,  fig.  2,  from  a  photograph  taken 
Aug.  31.) 

August  16,  9  ticks  (5  fully  engorged  and  4  nearly  engoi^ed)  were 
collected,  2  of  which  died  without  laying  eggs.  The  other  7  laid 
eggs  aggregating  0.1713  gram  in  weight,  none  of  which  hatched. 

In  comparison  note  that  8  ticks  (5  fully  engoiged  and  3  partially 
engoiged)  collected  from  an  undipped  calf  August  16  and  kept  under 
the  same  conditions  as  the  ticks  from  the  dipped  calf,  all  deposited 
e^s  weighing  0.4686  gram,  99  per  cent  of  which  hatched. 

August  17,  four  days  after  the  first  dipping  and  the  last  day  on 
which  any  ticks  matured  on  the  calf  in  this  experiment,  1  engorged 
female  was  collected.  This  tick  deposited  eggs  weighing  0.056  gram, 
and  50  per  cent  of  them  hatched.  A  tick  collected  from  an  undipped 
calf  on  the  same  date,  and  kept  under  the  same  conditions  as  the 
ticks  from  the  dipped  calf,  deposited  e^s  weighing  0.0716  gram, 
98  per  cent  of  which  hatched. 
1M07"— BuU.  144—12 2 
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Exptriment  No.  7. 

August  17,  1909,  15  engorged  ticks  collected  the  day  before  from 
undipped  cattle  at  the  Bureau  Experiment  Station  were  immersed 
in  some  of  the  dip  used  in  Experiment  No.  6,  which  contained  an 
equivalent  of  0.215  per  cent  arsenic  trioxid.  The  ticks  remained  in 
the  dip  two  minutes,  were  then  removed,  dried  on  filter  paper,  placed 
in  a  Petri  dish,  and  kept  under  obserration  in  the  laboratory.  Two 
of  these  survived  until  August  30,  but  none  laid  any  eggs.  Ei^t 
engorged  ticks,  which  were  collected  on  the  same  day  as  the  ticks 
just  referred  to  and  kept  under  the  same  conditions  except  tiiat 
they  were  not  dipped,  all  deposited  ^gs  whose  aggregate  weight 
equaled  0.4686  gram.     Ninety-nine  per  cent  of  these  eggs  hatched. 

August  27,  another  lot  of  ticks,  consisting  of  51  engorged  fenudes 
collected  August  25,  were  dipped  in  some  of  the  same  dip  and  were 
handled  and  kept  under  the  same  conditions  as  those  discussed  in  the 
preceding  paragraph.  All  of  these  died  without  laying  eg^.  (See 
PI.  YI,  fig.  1,  from  a  photograph  taken  Aug.  31.)  Another  lot  of  40 
females,  collected  August  25  and  kept  under  the  same  conditions 
except  that  they  were  not  dipped,  all  deposited  e^s  whose  aggre- 
gate weight  amoimted  to  2.1371  grams,  and  60  per  cent  of  these 
eggs  hatched.  (See  PI.  VI,  fig.  2,  from  a  phott^aph  taken  Aug.  31, 
before  oviposition  was  entirely  completed.) 

Experiment  No.  S. 

On  August  26,  1909,  a  tick-infested  calf  was  dipped  in  the  arsenical 
dip  used  in  Experiment  No.  6,  which  had  remained  in  the  vat  at  the 
Bureau  Experiment  Station  since  August  13.  This  dip  ori^ually 
contained  an-equivalent  of  0.215  per  cent  arsenic  trioxid,  but  analy- 
sis of  a  sample  taken  September  2  showed  an  equivalent  of  0.234 
per  cent  arsenic  trioxid.  It  is  assumed  that  the  dip  had  meanwhile 
lost  sufficient  water  by  evaporation  to  cause  this  increase  in  the 
percentage  of  arsenic.  Wben  used  August  26  the  dip  therefore  con- 
tained an  equivalent  of  between  0.215  and  0.234  per  cent  arsenic 
trioxid. 

The  calf  used  in  this  experiment  had  been  artificially  infested  with 
ticks  by  applying  larvn  every  other  day  for  several  weeks  prior  to 
dipping.  When  the  animal  was  dipped  numerous  ticks  in  all  stages 
of  development  were  present.  The  period  of  immersion  in  the  bath 
was  two  minutes.  After  dipping,  the  calf  was  put  into  a  tick-infested 
inclosure,  and  larval  ticks  were  applied  every  other  day  until  Sep- 
tember 2,  when  a  second  dipping  was  ^ven.  Before  the  animal 
was  dipped  the  second  time  about  50  gallons  of  water  were  added  to 
the  dip  in  the  vat.  Analysis  of  a  sample  taken  from  the  vat  after 
the  addition  of  the  water  showed  that  it  contained  an  equivalent  of 


igitized  by  Google 


Fig.  t— Dipped  Ticks. 

Experiment  N«.  A.    Beven  fuU;  enlarged  and  ten  partially  eoeanied  female  ticks  coUact«d  froin 

per  cent  araenic  trioild.  The  avmft  w»inh  t  ol  eRcs  per  tick  depiBlled  hy  this  lot  (teludlng  all  ticks 
Hheiher  tbey  oviposited  or  not)  was  3  miulgrams,  and  none  ol  them  hatehtd.  Natural  liie;  (mm  > 
photograph  takeD  Ifi  days  after  collection. 


Fig.  2.— Undipped  Ticks. 
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FlO.  1.— Dipped  Ticks, 
Exp«riDi«it  N'd.  7.     fUtj'-ODe  eogorgnl  temsle  ticka  alUr  dipping  in  ui  usedir  and  plne-Ur  sohitlM 
coatalning  wi  equivalent  of  O.JIS  pa-  nui  arsoiie  crioiid.    All  ol  Hum  died  vitbout  depoalting 
eggs-     KaOinl  sue;  bma  a  pbolograph  tskoi  i  day3  ■ft«r  dipping. 


FiQ.  2.— Undipped  Ticks. 

Eiportmenl  No.  T.  Forly  enaoritHd  femalo  llcka  collwled  (ram  wi  iindippol  call  gn  the  same  dale  aa 
ifime  shown  in  Tig.  I,  and  kept  under  the  same  fonditions,  liut  not  dipned.  The  average  weight 
oferasperiirk  deposited  by  this  lot  (inrtudlng  all  licliS  whether  thev  oviposited  or  not)  was  63.1 
mJlliirrams,  an<l  m  per  if  nt  ot  them  hatched.  Natural  slie:  rrom  a  pboiograph  taken  on  the  same 
date  a:  that  of  the  ticks  shown  in  Fig.  I. 
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0.196  per  cent  sraenic  trioxid.  The  period  of  inunersioo  at  the  second 
dipping  waa  two  minutes.  After  this  dipping  the  calf  was  removed 
to  a  noninfssted  yard.  August  28,  two  days  after  the  fiist  dipping, 
no  injuiy  to  the  sldn  was  yet  apparent.  September  2  the  skiii  was 
slightly  sore  on  the  escutcheon  and  on  the  vulva,  near  the  tail.  There 
was  a  slight  exfoliation  on  the  inner  side  of  the  forelegs.  On  Septem- 
ber 9,  seven  days  after  the  second  dipping,  there  was  noted  a  very 
slight  exfoliation,  and  the  skin  was  very  slightly  irritated  on  escutch- 
eon, inguinal  re^on,  axilhe,  inner  side  of  forelegs,  and  around  anus. 
A  few  days  later  all  signs  of  skin  injury  had  disappeared. 

August  28,  two  days  after  the  first  dipping,  a  considerable  number 
of  adult  ticks  in  various  stages  of  growth  were  alive,  many  of  them, 
however,  evidently  affected  by  the  arsenic.  Some  nymphs  were 
apparently  alive.  No  ticks  matured  subsequent  to  August  29,  three 
days  after  the  first  dipping.  September  2  no  hve  ticks  were  found, 
except  some  nymphs  which  were  apparently  alive.  September  9, 
one  week  after  the  second  dipping,  ihe  calf  was  entirely  free  from 
ticks. 

August  26,  immediately  after  the  first  dipping,  46  engorged  female 
ticks  were  collected  from  the  calf.  All  of  these  but  one  died  without 
laying  eggs.  This  one  deposited  about  30  eggs,  none  of  which  hatched. 
Later  on  the  same  day  6  engorged  females  were  collected,  3  of  which 
died  without  laying  eggs.  The  other  3  laid  ^;g8  weighing  0.0874 
gram,  none  of  which  hatched. 

In  comparison  with  ihe  above  it  may  be  noted  that  40  engorged 
females  collected  from  an  undipped  calf  August  25,  and  kept  under 
the  same  conditions  as  those  from  the  dipped  calf,  all  deposited  e^^ 
which  weighed  in  the  aggregate  2.1371  grams,  60  per  cent  of  which 
hatched. 

August  27,  32  engorged  females  were  collected  from  the  dipped 
calf,  all  but  8  of  which  died  without  laying  eggs.  These  8  deposited 
^gs  weighing  0.0407  gram,  none  of  which  hatched. 

August  28,  6  engotged  females  were  collected,  4  of  which  deposited 
eggs  weighing  0.1034  gram.  None  of  these  batched.  The  oUier  2 
died  without  depositing  eggs. 

August  29,  three  days  after  the  first  dipping,  the  last  ticks  to 
mature  were  collected.  These  were  9  in  number.  All  but  1  of 
these  died  without  ovipositing.  This  one  laid  about  75  ^gs,  none 
of  which  hatched. 

Ko  ticks  with  which  the  above  may  be  compared  were  collected 
from  undipped  cattle  between  August  25  and  September  7.  The 
data  previously  given  relative  to  40  ticks  collected  on  Aiigust  25 
from  an  imdipped  calf  should,  however,  be  noted  in  comparison 
with  the  data  relative  to  the  ticks  maturing  on  the  dipped  calf,  and 
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it  may  also  be  noted  that  5  engoi^d  females  collected  September 
7  from  imdipped  cattle  deposited  Dumerous  eggs,  98  per  cent  (^  which 
hatched. 

Expmmmt  No,  P. 

B^inning  September  8,  1909,  3  calves,  Nos.  725,  731,  and  735, 
were  artificially  infested  with  ticks  at  the  Bureau  Experiment  Star 
tioD  by  applyii^  larree  every  other  day.  October  22  ticks  in  all 
stages  of  development  were  present,  but  none  of  the  3  calves  ex- 
hibited more  than  a  moderate  d^;ree  of  infestation.  A  greater  num- 
ber of  ticks  in  the  various  younger  stages  than  in  the  later  adult  stage 
were  present.  The  3  calves  were  dipped  October  22  in  an  arsen- 
ical dip  freshly  prepared  from  7  pounds  of  arsenic  trioxid,  8  pounds 
of  anhydrous  sodium  carbonate,  0.7  gallon  of  pine  tar,  and  350  gallons 
of  water.  The  dip  contained  an  equivalent  of  0.225  per  cent  arsenic 
trioxid.' 

Calf  No.  725  was  immersed  in  the  bath  2  minutes,  calf  No.  731 
1  minute,  and  calf  No.  735  30  seconds.  After  dipping  the  3  calves 
were  removed  to  a  tick-free  yard. 

October  30,  eight  days  after  dipping,  no  skin  injury  was  apparent. 
November  6  a  dandruff-like  scurf  was  noted  on  various  parts  of  the 
body,  but  a  similar  condition  was  noted  on  tie  neck  and  dewlap  of 
anotlier  calf  which  had  never  been  dipped.  In  this  experiment  the 
skin  injury  may  therefore  he  put  down  as  so  slight  as  to  be  scarcely 
if  at  all  perceptible. 

October  30,  eight  days  after  dippii^,  a  very  few  live  partially 
grown  adults  and  a  very  few  nymphs  apparently  aUve  were  found 
on  calf  No.  725  (dipped  2  minutes);  a  few  hve,  partially  grown 
adults  and  a  few  nymphs  apparently  alive  on  No.  731  (dipped  1 
minute);  and  on  No.  735  (dipped  30  seconds)  it  was  noted  that 
partially  grown  females  were  present  which  were  abnormally  swollen 
from  arsenical  poisoning.  No  ticks  matured  on  any  of  the  three 
animals  subsequent  to  October  26,  four  days  after  dipping.  Novem- 
ber 6,  two  weeks  after  dipping,  the  three  calves  when  finally  examined 
were  found  to  be  entirely  free  from  ticks. 

Twenty  engot^ed  females  were  removed  from  No.  725,  October  22, 
immediately  after  dipping,  3  of  which  died  without  depositing  eggs. 
The  other  17  deposited  e^;s  amounting  in  weight  to  0.3273  gram, 
none  of  which  hatched.  From  No.  731,  immediately  after  dipping, 
October  22,  6  eogoi^ed  females  were  removed,  2  of  which  survived 
to  deposit  eg^,  which  amounted  in  weight  to  0.0262  gram.  None  of 
these  hatched.  From  No.  735,  October  22,  immediately  after  dip- 
pii^,  14  females  were  removed,  all  but  I  of  which  were  fully  engorged. 
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Eleven  of  these  survived  to  deposit  e^s,  whose  weight  amounted  to 
0.1933  gram.  None  of  these  hatched.  In  compatison  it  may  be 
noted  that  6  engorged  females,  removed  from  an  undipped  calf  Octo- 
ber 22  and  kept  under  the  same  conditions  as  those  from  the  dipped 
cattle,  all  deposited  eggs  which  a^r^ated  0.2599  gram  in  weight 
and  that  25  per  cent  of  these  hatched. 

October  23,  IS  engorged  ticks  were  collected  from  calves  Nos.  731 
and  735.  Twelve  of  these  deposited  ^gs  weighing  0.335  gram,  none 
of  which  hatched.  The  other  3  died  without  ovipositing.  Ten  en- 
gorged females  v&re  collected  from  No.  725  on  October  23,  4  of  which 
survived  to  deposit  e^B,  the  other  6  dying  without  ovipositing.  The 
eggs  which  were  laid  a^regated  0.0515  gram  in  weight,  and  none  of 
them  hatched.  Twelve  engorged  females  collected  from  an  undipped 
calf  October  23  and  kept  under  the  same  conditions  as  those  from 
the  dipped  cattle  all  deposited  e^s,  which  ^gregated  0.4422  gram 
in  weight.    Ten  per  cent  of  these  hatched. 

October  24,  3  engorged  females  were  collected  from  No.  725.  AI) 
of  these  deposited  eggs  which  amounted  in  weight  to  0.0574  gram, 
none  of  them  hatching.  From  No.  731  on  October  24  were  collected 
1  fully  engorged  and  3  nearly  engorged  females.  Two  of  these  sur- 
vived to  deposit  eggs  which  amounted  in  wdght  to  0.0335  gram. 
None  of  the  eggs  hatched.  Twenty-one  fully  engoi^ed  and  8  nearly 
engorged  female  ticks  were  collected  from  No.  735  on  October  24. 
Seventeen  of  these  survived  to  lay  eggs,  the  other  12  dying  without 
ovipositing.  The  ^gs  laid  amounted  in  weight  to  0.2458  gram,  and 
none  of  them  hatched. 

In  comparison  with  the  forgoing  it  may  be  noted  that  13  females 
collected  from  an  undipped  calf  on  October  24  and  kept  under  the 
same  conditions  as  those  from  the  dipped  cattle  all  deposited  eggs 
which  amounted  in  weight  to  1.0794  grams.  One  per  cent  of  these 
hatched. 

October  25,  4  engoi^ed  females  were  collected  from  No.  725,  1  of 
which  survived  to  lay  ^gs,  which  weighed  0.0255  granL  None  of 
these  hatched.  One  small  engorged  female  was  collected  from  No. 
731  on  October  25.  This  tick  died  after  depositing  a  very  few  eggs,- 
none  of  which  hatched.  Eight  fuUy  fmgoi^ed  and  3  nearly  engorged 
femalee  were  collected  from  No.  735  on  October  25.  Three  of  these 
ticks  survived  to  lay  eggs,  which  amounted  in  weight  to  0.0372  gram. 
None  of  the  ^gs  hatched.  It  may  be  noted  in  comparison  with  the 
foregoing  that  of  18  engorged  females  collected  October  25  from 
an  undipped  calf  and  kept  under  the  same  conditions  as  those  from 
the  dipped  cattle,  17  deposited  eggs  which  amounted  in  weight  to 
0.5333  gram.    Two  per  cent  of  these  hatched. 

October  26,  1  engorged  female  was  collected  from  No.  731.  This 
tick  deposited  eggs  weighing  0.0397  gram,  none  of  which  hatched. 

_ .  „,  Google 


S2  ABBENICAL  DIPS  FOB  CATTLE  TICKS. 

On  the  Baxae  date  4  females  nearly  engoif;ed  were  collected  from 
No.  735,  all  of  which  died  without  depositing  eg^.  Of  7  engorged 
females  collected  from  an  undipped  calf  October  26  and  kept  under 
the  same  conditions  as  those  from  the  dipped  cattle,  all  deposited 
^gs.  These  eggs  amounted  in  weight  to  0.3705  gram  and  1  per  cent 
of  them  hatched. 

No  ticks  matured  on  Calf  No.  725  subsequent  to  October  25,  three 
days  after  dipping,  and  none  matured  on  Nob.  731  and  735  sub- 
sequent to  October  26,  four  days  after  dipping. 

Owing  to  the  low  relative  humidity  to  which  the  ^gs  of  the  ticks 
were  subjected  in  this  experiment,  and  the  consequent  small  per- 
ceatage  of  e^s  hatching  in  tiie  case  of  the  ticks  from  undipped 
cattle  used  for  comparison,  the  failure  of  ^igs  deposited  by  ticks 
from  the  dipped  cattle  to  hatch  is  lees  strildng  than  in  the  other 
experimeoits. 

Exptrimenl  No.  10. 

November  10,  1909,  eleven  S-year-old  Bteers  and  one  4-year-old 
steer  were  dipped  at  Benjamin,  Tex.,  in  an  arsenic,  sal  soda,  and 
pine-tar  dip  containing  an  equivalent  of  0.22  per  cent  arsenic  tri- 
oxid.'  The  dip  was  prepared  from  70  pounds  of  commercial  arsenic 
(99.2  per  cent  arsenic  trtoxid  Oi  ISO  pounds  of  sal  soda,  7  gallons 
of  pine  tar,  and  about  3,500  gallons  of  water.  The  vat  used  meaa- 
ured  35  feet  8  inches  in  length  at  the  surface  of  the  dip.  The  cattle 
in  entering  slipped  down  a  slide  board  and,  plunging  into  the  bath, 
were  totally  immersed  for  a  moment,  after  which  they  swam  throu^ 
the  vat  to  the  other  end,  where  they  left  the  bath  by  walking  up 
an  incline,  which  led  to  the  draining  pen.  Each  animd  was  in  the 
bath  from  10  to  12  seconds.  The  cattle  were  ordinary  grass-fed 
steers  in  rather  poor  flesh,  but  strong  and  healthy.  At  ihe  time  the 
experiment  was  bc^n  they  all  showed  a  moderate  infestation  with 
ticks  in  all  stages  of  development. 

The  cattle  were  dipped  on  the  afternoon  of  November  10.  They 
remained  in  the  stockyards  overnight,  and  the  following  morning 
were  driven  about  5  miles  to  a  small  pasture,  said  to  be  badly  infested 
with  ticks,  where  they  remained  until  the  momiog  of  November  17. 

November  14,  four  days  after  dipping,  each  of  the  12  cattle  was 
examined.  For  this  purpose  they  were  placed  one  by  one  in  a  chute 
at  the  ranch  where  the  cattle  were  pastured  during  the  interval 
between  dippings.  The  unusual  gentleness  of  the  cattle  greatly 
facilitated  this  and  the  other  examinations  and  handling  to  which 
they  were  subjected  during  the  experiment.  On  animals  Nos.  1,  4, 
and  6  a  few  live,  fully  engorged,  partially  engoi^ed,  and  newly 
molted  adult  female  ticks  were  found.     All  except  the  fully  engoi^ed 

I  AnalTsli  mads  Id  Bloohanilo  Dlvtaloo. 

,  ,,.«tyGoo»^lc 


A&BENIC,  SODA,  ANI>  PIKE-TAS  DIPS.  23 

ticks  showed  distinct  evidence  of  the  injurious  effects  of  the  dip ;  that 
is,  they  were  unnaturally  ewollm  and  in  some  instances  abnormal 
in  color.  On  No.  12  slight  exfoliation  of  the  skin  was  evident  at 
the  root  of  the  tail  and  on  the  escutcheon.  One  lire  engorged  female 
and  a,  few  Uve  ticks  in  stages  just  prior  to  and  just  after  the  second 
molt  were  found.  Noe.  2  and  S  showed  slight  exfoliation  of  the 
skin,  and  harbored  live  ticks  in  stages  just  prior  to  and  after  the 
second  molt.  On  Nos.  3  and  7  live,  newly  molted  adult  ticks  were 
found,  together  with  a  few  partially  engorged  females  which  were 
abnormally  swollen  and  in  a  dying  condition.  No.  10  had  a  few 
live  ticks  partially  engorged,  and  showed  a  slight  exfoUation  and 
tenderness  of  the  skin  on  the  escutcheon  where  the  ticks  had  been 
numerous.  The  skin  on  the  dewlap  was  slightly  thickened  and  sen- 
sitiTe.  On  No.  5  there  were  a  few  Uve,  newly  molted  adult  ticks 
and  t^e  skin  of  the  animal  was  very  slightly  affected.  On  No.  9 
there  was  1  fully  engorged  live  tick,  a  number  partially  eugoif^, 
evidently  poisoned  by  the  dip,  and  a  few  live  young  adults.  The 
skin  of  this  animal  showed  a  very  slight  exfoliation.  On  No.  11 
there  were  a  few  live  ticks,  some  of  thwa  young  adults  and  some 
nearly  engorged;  all  more  or  less  affected  by  tiie  dip.  The  skin 
showed  scarcely  any  evidence  of  having  been  affected  by  the  dip. 
November  17,  one  week  after  the  fii«t  dipping,  the  cattle  were 
driven  back  to  the  stockyards  at  Benjamin,  where  they  were  again 
examined.  For  this  purpose  the  cattle  were  placed  in  the  chute 
leading  to  the  dipping  vat.  The  cattle  that  exhibited  signs  of  skin 
injury  (i.  e.,  slight  irritation  and  exfoliation)  November  14  showed 
similar  signs  at  this  examination.  The  auimals  presented  the 
appearance  of  having  gained  in  weight  since  dipping.  No  fully 
engorged  females  were  found  alive  on  these  cattle  November  17. 
Od  No.  1,  some  half-grown  adult  ticks  were  found  to  be  alive,  and 
th^e  were  some  nymphs  apparently  alive.  On  No.  3  the  only  live 
ticks  found  were  a  few  partially  grown  adults  badly  affected  by  arsen- 
ical poisoning.  On  No.  4  there  were  a  few  partially  grown  females 
aUve  but  affected  by  the  dip,  and  a  few  nymphs  apparently  alive. 
On  No.  5,  1  recently  molted  female,  and  1  partially  grown  female, 
both  affected  by  the  dip,  were  found  alive,  and  there  were  presmt 
also  some  nymphs  possibly  alive.  On  No.  6,  1  newly  molted  male 
was  found  alive,  and  1  nymph  apparently  alive.  On  No.  7  a  small 
partially  grown'  live  female  and  a  nymph  apparently  alive  were 
found.  One  newly  molted  female  affected  by  the  dip  was  all  that 
was  found  ahve  on  No.  S.  On  No.  9  some  newly  molted  adults  were 
found  alive  and  a  very  few  nymphs  apparently  alive.  No.  10  had 
a  few  partially  grown  female  ticks,  which  were  badly  affected  by  the 
dip.  On  No.  11  only  1  tick  was  found  alive,  a  female  two-thirds 
grown,  badly  affected  by  the  dip.    No  ticks  were  found  on  No.  12. 
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November  17,  between  10  and  3  o'clock,  the  cattle  were  redipped 
in  the  dip  remaining  in  the  Tat  from  the  first  dipping.  During  tiie 
dipping  one  of  the  ftnimala  became  lodged  in  the  vat  in  consequence 
of  which  he  and  6  others  remained  in  the  bath  nearly  1  minute. 
The  remaining  6  were  in  the  Tat  from  10  to  12  seconds  each. 

At  6  o'clock  NoTember  17  the  12  cattle  were  loaded  into  a  stock 
car,  partitioned  in  such  a  manner  that  they  were  confined  to  a  little 
more  than  one-half  the  interior  space  of  the  car.  This  cor  was  one 
which  had  been  disinfected  at  Kansas  City  October  21  imder  super* 
vision  of  a  bureau  inspector.  It  was  further  disinfected,  before 
loading  the  cattle,  by  cleaning  out  all  litter,  sand,  and  dirt,  and 
sprayii^  with  an  arsenical  solution  of  twice  the  strength  of  that  used 
in  dipping.  At  8.20  p.  m.  the  car  of  cattle  left  Benjamin  in  a  local 
freight  train,  which  arriTed  at  Hamlin,  Tex.,  about  55  miles  distant, 
at  9.30  a.  m.  NoTember  18.  The  cattle  remained  in  the  car  at 
Hamlin  and  were  brought  back  to  Benjamin  by  a  train  which  left 
Hamlin  in  the  afternoon  of  November  18,  and  arrived  in  Benjamin 
about  1.30  a.  m.  November  Id.  The  total  period  the  cattle  spent 
on  the  car  was  therefore  about  31  hours.  They  were  supplied  with 
hay  during  this  time,  but  not  watered.  At  Benjamin  they  were  un- 
loaded into  a  pen  at  the  railroad  stockyards  which  had  been  thor- 
oughly cleaned  and  disinfected  by  scraping  off  the  surface  earth 
with  a  team  and  scraper,  scraping  away  also  the  surface  of  the  earth 
from  a  strip  about  3  feet  wide  all  around  the  outside  of  the  fence, 
and  by  spraying  all  the  woodwork  inside  and  out  with  the  double- 
strength  arsenical  solution  as  used  in  the  disinfection  of  the  car; 
finally  the  groimd  along  the  fence  inside  and  outside  was  soaked  with 
the  double-strength  arsenical  solution.  When  seen  on  the  morning 
of  November  19  the  cattle  appeared  to  be  in  good  condition.  B^in- 
ning  on  this  date  they  were  fed  Johnson-grass  hay  and  a  cottonseed 
product  from  a  local  mill. 

On  NoTember  22,  five  days  after  the  second  dipping,  the  cattle 
were  examined  indiTidually,  each  animal  being  tied  for  examination 
against  the  fence  by  means  of  ropes  attached  to  the  horns  and  one  hind 
foot.  Each  animal  showed  evidence  of  shght  epithelial  desquama- 
tion— ^in  some  instances  very  slight — exhibited  in  the  form  of  a 
dandruff  in  the  hair  on  the  neck  and  at  the  root  of  the  tail.  This 
was  the  only  skin  injury  evident.  No  five  ticks  were  found  on  any 
of  the  Bnjn'ftl''  except  No.  8.  In  the  case  of  this  animal  there  was  a 
partially  grown  female  on  the  escutcheon  abnormally  swollen  from 
arsenical  poisoning,  and  a  nymph  near  the  root  of  the  tail  which  was 
doubtfuUy  aUve. 

NoTember  24  these  two  ticks  were  still  present  on  No.  8.  Ute 
nymph  appeared  slightly  shriTeled.    NoTember  25  the  tick  was  gone 
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from  the  escutcheon  and  the  nymph  was  still  present  but  was  dried 
and  shriveled  and  certainly  dead. 

December  1,  two  weeks  after  the  second  dipping  and  three  weeks 
after  the  first  dipping,  the  cattle  were  again  thoroughly  examined 
as  on  November  22.  More  or  less  dandruff-like  scurf  from  the  skin 
was  still  present  in  the  hair.  The  odor  of  pine  tar,  which  was  rather 
marked  at  previous  examinations,  had  nearly  disappeared.  Many 
of  the  warbles  with  which  all  of  the  animals  were  more  or  less  infested 
were  examined  and  most  of  them  proved  to  be  alive.  It  is  therefore 
evident  that  the  arsenical  dip  has  little  effect  on  these  parasites. 
No  live  ticks  were  found  on  any  of  tJiie  animals  except  one  female  near 
the  root  of  the  tail  on  No.  12.  This  tick  was  about  one-sixth  grown 
and  was  badly  swollen  from  arsenical  poisoning.  Evidently  this 
tick  was  one  which  bad  been  overlooked  at  previous  examinations. 
It  no  doubt  passed  through  the  first  dipping  and  probably  through 
the  second  as  a  nymph.  During  the  examination  it  became  detached, 
which  prevented  the  possibility  of  determining  ita  ultimate  fate  if  it 
had  remained  on  the  animal.  It  was,  however,  so  loosely  attached 
that  it  could  not  have  retuned  its  hold  much  longer,  and  even  if  it 
bad  it  was  so  badly  affected  by  the  dip  that  it  is  safe  to  say,  in  view 
of  the  history  of  ticks  in  a  similar  condition  in  other  experiments,  that 
it  had  no  chance  of  ever  reaching  fertile  maturity. 

With  reference  to  the  weather  conditions  during  the  Benjamin 
experiments  it  may  be  noted  (assuming  that  the  records  of  the 
Weather  Bureau  station  at  Abilene,  80  miles  distant,  are  appUcable) 
that  the  only  froet  recorded  was  a  killing  frost  on  November  17,  the 
day  of  the  second  dipping,  and  that  tbjs  frost  was  the  fiist  of  the 
season.  The  minimum  temperature  was  32°  F.,  and  this  was  recorded 
oa  November  17.  The  maximum  temperature  during  the  mouth  of 
November  was  S4°  F.,  recorded  on  the  5th,  five  days  before  the  first 
dipping.  The  average  daily  maxinium  temperature  during  Novem- 
ber was  71,6°,  and  the  average  daily  minimum  50.1°  F.  Beginning 
November  10  the  weather  was  clear  on  5  days,  cloudy  on  5  daya, 
and  partly  cloudy  on  11  days.  The  average  daily  cloudiness  for  the 
month  was  4.9  (Weather  Bureau  scale).  On  November  13,  three 
days  after  the  fint  dipping,  0.56  inch  of  rain  fell  between  11.10  a.  m. 
and  2.40  p.  m.  On  November  15  during  the  n^ht  0.04  inch  of  rain 
fell.  There  was  no  further  precipitation  until  November  28,  when  it 
began  raining  at  10.40  a.  m.,  continuing  until  some  time  during  the 
night,  beginning  again  at  2.50  p.  m.,  November  29,  and  ceasing  at 
0.40  p.  m.,  the  rainfall  being  0.93  inch. 

On  the  whole  the  weather  was  favorable  to  the  experiment.  No 
previous  frost  and  an  average  temperature  of  60°  F.  during  the 
period  between  the  two  dippings  when  the  cattle  were  on  a  pasture  said 
to  be  tick-infested  were  circumstances  favoring  reinfection  subsequent 
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to  the  first  dipping.  The  occurrence  of  rain  three  and  five  days  after 
the  first  dipping,  if  it  had  any  infiuence  on  the  results  of  the  dipping, 
would  have  tended  to  diminish  the  effectiveness  of  the  treatment  by 
washing  off  some  of  the  arsenic  which  it  may  be  assumed  was  left  on 
the  bodies  of  the  cattle  after  dipping. 

The  cattJe  were  released  and  the  Benjamin  experiment  was  closed 
after  the  examination  December  1. 

ExperimeiU  JVo.  11. 

September  23,  1910,  16  engorged  female  ticks  collected  September 
20,  1910,  from  infested  cattle  at  the  Bureau  Experiment  Station, 
were  immersed  two  minutes  in  an  arsenical  dip  taken  from  the  vat 
at  the  station,  were  dried  on  filter  paper,  then  placed  in  a  Petri  dish 
and  kept  under  observation  in  the  laboratory.  The  dip  was  prepared 
June  23  from  7  pounds  arsenic  trioxid,  6)  pounds  sodium  carbonate 
(anhydrous),  0.7  gallon  of  pine  tar,  and  350  gallons  of  water,  and 
remained  in  the  vat  all  summer,  cattle  being  dipped  in  it  from  time 
to  time.  Samples  taken  June  23  and  July  14  showed  an  equivalent, 
respectively,  of  0.217  per  cent  and  0.218  per  cent  arsenic  trioxid  in 
solution.  *  A  sample  taken  September  15  showed  in  solution  sodium 
arsenite  equivalent  to  about  0.04  per  cent  arsenic  trioxid,  and  total 
arsenic  in  solution  equivalent  to  0.217  per  cent  arsenic  trioxid.* 
Therefore,  in  the  dip  when  used  in  this  experiment,  although  the  total 
arsenic  in  solution  was  the  same  as  when  the  dip  was  made,  con- 
siderable oxidation '  of  the  sodium  arsenite  had  taken  place. 

A  second  lot  of  16  engorged  ticks  collected  September  20  from  sta- 
tion cattle  were  dipped  two  minutes,  September  23,  in  a  freshly  made 
arsenical  dip  (10  grams  arsenic  trioxid,  25  grams  soditmi  carbonate 
(crystallized),  8  c.  c.  pine  tar,  and  sufficient  water  to  make  4,150 
c.  c),  which  it  may  be  assumed  contained  sodium  arsenite  equivalent 
to  about  0.24  per  cent  arsenic  trioxid. 

Another  lot  of  16  engorged  ticks  collected  September  20  were  kept 
without  dipping  under  conditions  similar  to  the  two  lota  which  were 
dipped. 

Two  of  the  ticks  in  the  lot  dipfwd  in  the  oxidized  dip  deposited  a 
few  eggs,  none  of  which  hatohed.  The  other  14  died  without  ovi- 
positing. One  of  the  ticks  dipped  in  the  fresh  dip  deposited  about  a 
dozen  eggs,  none  of  which  batched.  The  others  died  without  ovi- 
positing. All  of  the  16  ticks  which  were  not  dipped  deposited  eg^, 
and  of  these  40  per  cent  hatched. 

This  experiment  was  repeated,  using  a  second  series  of  2  lots  of 
engorged  ticks,  15  in  each  lot,  collected  September  22.     One  of  these 
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lotB  was  dipped  September  23  in  the  oxidized  dip  and  the  other  in 
the  freshly  made  dip.  Nine  of  the  ticks  dipped  in  the  oxidized  dip 
deposited  a  few  eggs,  none  of  which  hatched,  the  other  6  dying  with- 
out ovipositing.  All  of  the  ticks  dipped  in  the  fresh  dip  died  without 
OTipositing. 

September  26,  66  engoi^ed  ticks  were  collected  from  undipped  cat- 
tle, and  on  September  28  two  lots  of  22  each  were  dipped  2  minutes  in 
the  same  dips  that  were  used  before.  A  third  lot  of  22  was  kept  under 
observation  undipped.  Three  of  the  ticks  dipped  in  the  oxidized  dip 
deposited  a  few  eggs,  none  of  which  hatched,  the  remaining  19  dying 
without  ovipositing.  All  of  the  22  ticks  dipped  in  the  fresh  dip  died 
without  ovipositing.  Of  the  22  undipped  ticks,  all  but  one  deposited 
eggs,  and  25  per  cent  of  the  eggs  hatched. 

In  the  case  of  a  fourth  series  of  ticks,  2  lots  of  21  each  were  collected 
October  3.  October  4,  1  lot  was  dipped  in  the  arsenical  dip  which 
was  A-eshly  made  September  23.  The  otJier  lot  was  kept  imder  ob- 
servation imdipped.  Of  the  former  lot,  3  deposited  a  few  egga,  none 
of  wluch  hatched,  the  remaining  19  ticks  dying  without  ovipositing. 
All  of  the  ticks  of  the  second  lot,  except  one,  deposited  e^s,  and  75 
per  cent  of  the  e^s  hatched. 

The  rather  low  percentage  of  hatching  among  the  eggs  deposited 
by  the  undipped  ticks  was  due  to  the  low  relative  humidity  of  the 
air  of  the  room,  where  the  ticks  and  eggs  were  kept  during  the  experi- 
ments, and  it  is  possible  that  some  of  ibe  eggs  deposited  by  the  dipped 
ticks  might  have  hatched  had  the  conditions  as  to  moisture  been  more 
favorable. 

Expv^Jr^mt  No.  It. 

During  the  summer  and  fall  for  several  weeks  prior  to  October  10, 
1910,  7  young  cattie  at  the  Bureau  Experiment  Station  were  artifi- 
cially infested  with  ticks  by  applying  larvse  every  few  days.  On  the 
date  named  6  of  them  were  sprayed  with  arsenical  scdutions  by  means 
of  a  hand  spray  pump.  Three  different  solutions  were  used,  and  2 
cattle  were  sprayed  with  each  solution.  The  seventh  animal  was 
reserved  untreated  as  a  control.  All  of  the  cattie  were  kept  after 
dipping  in  the  pen  which  they  had  occupied  prior  to  the  treatment, 
and  four  days  after  spraying  larval  ticks  were  applied  to  each  animal. 

Lot  A. — The  two  cattie  in  this  lot  were  sprayed  with  the  oxidized 
dip  referred  to  in  Experiment  No.  11.  A  sample  taken  from  the  vat 
October  20  showed  that  oxidation  of  the  arsenic  had  continued  since 
the  taking  of  the  previous  sample,  September  15,  the  amount  of 
sodium  arsenite  present  having  been  reduced  to  the  equivalent  of 
about  0.02  per  cent  arsenic  trioxid,'  thou^  the  total  aisenic  in  solu- 
tion was  the  same  as  before. 
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At  the  time  of  Bpraying  one  of  the  cattle  was  slightly  infested,  the 
other  moderately  infested  with  ticks  in  all  stages  ot  development. 
Three  daja  later  the  cattle  were  examined.  One  of  them  showed  a 
slight  exfoliation  of  the  skin  on  the  dewlap ;  on  the  other  Uie  skin  was 
unaffected.  On  one  animal  a  few  live  nymphs  and  adults,  some  of 
the  latter  engoi^;ed  females,  were  found.  On  the  other  there  were  live 
ticks  in  various  stages,  mostly  nymphs,  but  some  engo^^  femalea 
appatenlJy  in  good  condition  were  noted. 

Ten  days  after  the  spraying  one  of  the  cattle  showed  exfoliation  of 
the  epidermis  on  the  crest  of  the  neck  and  withers,  and  on  the  dewlap, 
very  slight  in  the  tatter  location.  Very  slight  exfoliation  confined 
almost  entirely  to  the  dewlap  was  noted  in  the  case  of  the  other  ani- 
mal. On  one  of  the  cattle  a  live  larva  nearly  ready  to  molt  was 
found,  also  several  live  males,  and  females  which  had  evidently  molted 
a  few  days  before  the  examination.  On  the  other  there  were  5 
apparently  healthy  engorged  females  with  live  males,  and  a  dozen  or 
more  newly  molted  females,  all  more  or  less  affected  by  the  dip. 

October  20,  10  days  after  the  first  spraying,  the  cattle  were  again 
sprayed  with  some  of  the  same  dip  as  before. 

Four  days  later  the  cattle  were  examined.  Slight  exfoliation  of 
the  epidermis  was  found  as  before.  On  one  a  recently  molted  female 
and  8  male  were  found  alive,  on  the  other  an  engorged  female  and  a 
recently  molted  female  and  2  males. 

Seven  days  after  the  second  spraying  the  skin  injury  was  still  very 
alight.  A  half-grown  adult  female  and  a  male  on  one  animal  and  a 
two-thirds  grown  aduH  female  on  the  other  animal  were  the  only  live 
ticks  found. 

Eleven  days  after  the  second  spraying  one  of  the  cattle  showed  a 
hard  granular  exfoliation  of  the  skin  on  the  withers;  the  other  showed 
no  signs  of  skin  injury.  No  ticks  were  foimd  on  one.  On  the  other 
there  was  an  engorged  female,  2  adult  females  one-fourth  grown,  and 
3  males. 

Fourteen  days  after  the  second  spraying  the  exfoliation  of  the  epi- 
dermis on  the  withers  was  still  noticeable  in  the  case  of  one  of  the 
cattle.  No  ticks  were  found  on  this  animal.  On  the  other  a  pai^ 
tially  engorged  female  and  a  nymph  were  found  to  be  aUve. 

Twenty-one  days  after  the  second  spraying  the  last  examination 
was  made.  There  were  no  longer  any  signs  of  skin  injury.  One  of 
the  animals  was  free  from  ticks;  the  other  had  several  partially  grown 
adult  females  on  the  belly,  some  of  them  newly  molted. 

So  far  as  possible  all  of  the  engorged  femalea  were  collected  as  they 
matured  on  the  treated  animals,  beginning  immediately  after  the 
first  spraying.  These  were  brought  to  the  laboratory  and  kept  under 
observation  in  Petri  dishes.  For  comparison  engorged  and  partially 
engorged  ticks  were  collected  from  time  to  time  from  the  untieated 
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animal  which  served  as  a  control  and  these  were  kept  under  the  Bame 
conditions  as  those  from  the  sprayed  cattle. 

Immediately  after  the  first  spraying  11  engoi^d  ticks  were  col- 
lected from  one  of  the  sprayed  cattle  and  3  from  the  other.  Three 
of  the  former  died  without  ovipositing,  and  8  deposited  eggs,  none  of 
which,  however,  hatched.  All  3  of  the  ticks  from  the  other  animal 
deposited  eggs,  and  5  per  cent  hatched. 

For  companson  it  may  be  noted  that  all  of  29  ticks  collected  on  the 
same  date  from  the  untreated  animal  deposited  ^gs,  and  that  40  per 
cent  of  them  hatched. 

One  day  after  spraying  29  ticks  were  collected  from  one  of  the 
treated  animals,  25  of  which  deposited  eggs.  None  of  the  eggs 
hatched.  Forty-five  ticks  collected  the  same  day  from  the  untreated 
animal  all  depoMted  eggs,  75  per  cent  of  which  hatched. 

Two  days  after  spraying  8  ticks  were  collected  from  one  of  the 
treated  animals,  and  7  of  these  deposited  eggs,  hut  none  hatched. 
All  of  14  ticks  collected  the  some  day  from  the  untreated  animal 
deposited  eggs,  of  which  4  per  cent  hatched. 

Three  days  after  spraying  8  ticks  were  collected  from  one  of  the 
treated  animals.  All  deposited  ^gs,  but  none  of  them  hatched. 
All  of  8  ticks  collected  from  the  unsprayed  animal  on  the  same  date 
deposited  eggs,  but  less  than  1  per  cent  hatched. 

Four  days  after  spraying  1  tick  was  collected  from  one  of  the 
sprayed  cattle.  This  tick  deposited  eggs,  but  none  hatched.  On  the 
same  date  2  ticks  were  collected  from  the  untreated  animal.  Both 
deposited  eggs,  but  none  hatched. 

No  ticks  were  collected  from  the  treated  cattle  for  observation  later 
than  four  days  after  the  first  spraying. 

Lot  S. — lie  two  cattle  of  this  lot  were  sprayed  with  an  arsenical 
dip  freshly  made  from  91  grams  of  arsenic  trioxid,  84  grams  of 
sodium  carbonate  (anhydrous),  75  c.  c.  of  pine  tar,  and  10  gallons 
of  water.  Analysis  *  showed  an  equivalent  of  0.234  per  cent  arsenic 
trioxid  in  solution.  One  of  the  animals  when  sprayed  was  rather 
heavily  infested,  the  other  lightly  infested  with  ticks  in  all  stages  of 
development. 

Three  days  after  spraying  no  injury  to  the  skin  was  noted.  On  one 
of  the  animals  were  noted  numerous  Uve  ticks,  nymphs  and  adults, 
some  of  the  latter  engorged,  others  partially  grown  and  abnormally 
swollen  from  the  effects  of  the  dip.  On  the  other  there  were  a  few 
live  nymphs  and  some  engoi^ed  ticks. 

Ten  days  after  spraying  one  of  the  cattle  showed  a  very  sUght 
exfoliation  of  the  epidermis  on  the  crest  and  side  of  neck,  and  an 
exfoliation  at  the  base  of  the  tail  and  thickening  of  the  skin  in  the 
anal  region.     On  the  other  animal  there  was  a  slight  exfoliation  at 
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the  base  of  the  tail  and  in  front  of  the  right  shoulder.  No  live  ticks 
were  found  on  one.  On  the  other  several  nymphs  were  noted  on  the 
escutcheon  as  possibly  alive,  and  a  cluster  of  live  ticks  of  various 
stages  from  young  nympha  to  engoi^ed  females  was  found  on  the 
inner  side  of  the  flank. 

Ten  days  after  the  first  spraying  the  two  cattle  in  this  experiment 
were  sprayed  again  with  an  arsenical  dip  freshly  prepared  from  7 
pounds  arsenic  trioxid,  6^  pouoda  sodium  carbonate  (anhydrous), 
0.7  gallon  pine  tar,  and  350  gallons  of  water,  containing  an  equiva- 
lent of  0.22  per  cent  of  arsenic  trioxid.' 

Four  days  after  the  second  spraying  an  exfohation  of  the  epidermis 
on  the  brisket,  right  shoulder,  and  at  the  root  of  the  tail  was  noted  on 
one  animal,  and  an  exfoliation  at  the  root  of  the  tail  and  in  the  sacral 
region  was  observed  on  the  other  animal.  No  ticks  were  found  on 
one.  A  live  nymph  and  a  recently  molted  female  were  found  on  the 
other  in  the  right  inguinal  r^on. 

Seven  days  after  the  second  spraying  the  exfohation  of  the  skin 
was  still  slightly  noticeable.  No  ticks  were  found  on  one  animal. 
On  the  other  the  same  2  ticks  noted  at  the  previous  examination  were 
found,  namely,  a  nymph  and  a  female. 

Eleven  days  after  the  second  spraying  one  of  the  animals  showed 
no  signs  of  epidermal  exfohation.  Slight  exfoliation  was  still  evident 
in  the  case  of  the  other.  On  the  animal  which  showed  tick  infesta- 
tion at  the  two  preceding  examinations  a  young  female,  a  male,  and 
a  nymph  were  found  aUve  in  the  right  inguinal  region.  A  female 
one-sixth  grown  and  a  male  were  found  on  the  other  animal,  whose 
presence  was  evidently  overlooked  at  the  preceding  examination. 

Fourteen  days  after  the  second  spraying  the  evidences  of  skin 
injury  were  still  slight.  No  ticks  were  found  on  one  of  the  animals, 
the  female  one-sixth  grown  and  the  male  noted  at  the  preceding 
examination  having  disappeared.  A  partially  grown  female,  a  male, 
and  a  newly  molted  female  were  found  in  the  right  inguinal  region  of 
the  other  animal,  evidently  the  same  ticks  noted  at  the  preceding 
examination. 

Twenty-one  days  after  the  second  spraying  when  the  final  exami- 
nation was  made  no  ticks  were  found  on  either  animal.  One  of  the 
animals  still  presented  a  slight  epidermal  exfoliation  at  the  root  of  the 
tail,  sides  of  hocks,  and  on  the  escutcheon. 

The  same  procedure  with  reference  to  the  removal  of  ticks  for 
further  observation  was  followed  as  in  the  cose  of  Lot  A. 

Thirty-seven  ticks  were  removed  from  one  animal  and  2  ticks  from 
the  other  immediately  after  the  first  spraying.  Of  the  former,  6 
deposited  a  very  few  eggs  and  none  of  these  hatched,  the  other  31 
dying  without  depositing  ^gs.    Both  of  the  ticks  from  the  other 
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ammal  deposited  eggs,  none  of  which  hatched.  For  comparison  it 
may  be  noted  that  29  ticks  collected  at  the  same  time  from  the 
untreated  animal  (already  referred  to  under  Lot  A)  all  deposited 
^^,  of  which  40  per  cent  hatched. 

One  day  after  spraying  31  ticks  were  collected  from  the  sprayed 
cattle,  IS  of  which  depouted  eggB.  Ncme  of  the  eg^  hatched.  All 
of  the  45  ticks  collected  on  the  same  day  from  the  untreated  animal 
(as  noted  under  Lot  A)  deposited  eg^,  of  which  75  per  cent  hatched. 

Two  days  after  spraying  1 2  ticks  were  collected  from  the  sprayed 
cattle,  6  of  which  oviposited.  None  of  the  eggs  hatched.  The  14 
ticks  collected  from  the  untreated  animal  on  the  some  day  all  depos- 
ited eggs,  of  which  4  per  cent  hatched. 

Three  days  after  spraying  4  ticks  were  collected  from  the  sprayed 
cattle.  Two  of  these  deposited  ^gs,  but  none  hatched.  All  of  the 
ticks,  8  in  number,  collected  from  the  untreated  animal  on  the  same 
day,  deposited  e^s.    Of  these  less  than  1  per  cent  hatched-,  howeTer. 

No  ticks  were  collected  from  the  cattle  in  this  lot  after  the  third 
day  subsequent  to  the  first  spraying. 

The  same  remarks  concerning  the  effects  of  the  low  relative  humid- 
ity on  the  e^B  of  the  ticks  apply  in  the  case  of  this  lot  as  in  the  case 
of  Lot  A. 

Lot  C. — The  two  cattle  of  this  lot  were  sprayed  with  a  q)e(aftl 
arsenical  dip  devised  by  Mr.  Chapin  of  the  Biochemic  Divimon,  bear- 
ing the  laboratory  designation  of  Tick  Dip  B.  It  contained  potas- 
sium arsenite,  pine  tar,  and  some  soap.  The  amount  of  arsenic  in 
solution  in  a  sample  of  the  dip  as  diluted  for  use  was  equivalent  to 
0.222  per  cent  atsenic  trioxid.'  Both  of  the  cattle  sprayed  with  this 
dip  were  rather  heavily  infeeted  with  ticks  in  all  stages  of  develop- 
ment. 

Three  days  after  spraying  a  sli^t  epidermal  exfoliation  on  the 
dewlap  and  at  the  root  of  the  tail  was  noted  on  one  of  the  animals, 
and  a  shght  exfoliation  on  the  escutcheon  where  the  ticks  hod  beoi 
nimierous  was  noted  on  the  other  animal.  On  one  animal  numerous 
live  nymphs  and  adults,  some  engorged,  were  observed.  Many  of  the 
adult  ticks  were  abnormally  swollen.  On  the  other  animal  were 
observed  partially  grown  adult  ticks,  alive,  but  mostly  abnormally 
swollen  and  dark  in  color.  Some  nymphs  apparfsitly  in  good  condi- 
tion were  also  seen. 

Ten  days  after  spraying  one  of  the  cattle  showed  a  slight  epidermal 
exfohation  on  the  crest  of  the  neck,  on  the  shoulders,  and  on  the 
brisket,  and  a  slight  scurf  on  the  side  of  the  neck.  The  skin  of  the 
dewlap  was  thickened  and  exfoliating.  Xbere  was  some  exfohation 
at  the  base  of  the  tail,  on  the  escutcheon,  and  inner  side  of  thighs, 
with  thickening  of  the  skin.    There  was  some  exfoliation  with  slight 
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soreness  of  the  skin  on  the  belly  opposite  the  flank.  The  other  ammal 
showed  aimilar  skin  conditions,  but  to  a  less  degree.  On  the  former 
there  was  a  larva  apparently  alive  located  near  the  root  of  the  tail. 
No  live  ticks  were  found  on  the  other.  Dead  ticks  were  numerous  on 
both  animals. 

Ten  days  after  the  first  spraying  the  cattle  were  sprayed  again 
with  Tick  Dip  B  used  at  the  same  dilution  as  before.  No  analysis 
was  made  of  the  dip  used  at  the  second  spraying.  It  is  assumed, 
however,  that  the  percentage  of  arsenic  in  the  dip  was  the  same 
as  at  the  first  spraying. 

Four  days  after  the  second  spraying  the  evidences  of  skin  injury 
were  less  marked  than  at  the  preceding  ezamination.  No  hve  ticks 
were  found  on  eitlier  animal. 

Seven  days  after  the  second  spraying  exfohation  and  thickening  of 
the  skin  were  still  noticeable.  No  live  ticks  were  found  on  either 
animal. 

Eleven  days  after  the  second  spraying  slight  exfohation  of  the  skin 
in  the  anal  region  and  on  the  escutcheon  with  considerable  thickening 
in  the  latter  location  were  noted  on  one  animal.  On  the  other  the 
edge  of  the  dewlap  was  dry  and  hard,  and  there  was  some  exfohation 
on  the  root  of  the  tail.     No  ticks  were  found  on  either  animal. 

Fourteen  days  after  the  second  spraying  slight  evidences  of  the 
effects  of  the  dip  on  the  skin  were  still  present.  No  ticks  were  found 
on  either  animal. 

Twenty-one  days  after  the  second  spraying  the  evidences  of  skin 
injuiy  were  still  noticeable.     No  ticks  were  found  on  either  animal. 

The  following  observations  were  made  on  ticks  removed  from  the 
cattle  after  spraying  and  kept  in  the  laboratory: 

Immediately  after  the  first  spraying  59  ticks  were  removed  from 
one  of  the  cattle  and  18  from  the  other.  All  died  without  depositing 
eggs.  In  comparison  it  may  be  noted  tbat  29  ticks  removed  from 
the  unsprayed  animal  on  the  same  day  all  deposited  eggs,  of  which  40 
per  cent  hatched. 

One  day  after  spraying  15  ticks  were  collected  from  the  sprayed 
cattle.  Seven  of  the  ticks  deposited  eggs,  of  which  none  hatched. 
The  45  ticks  removed  on  the  same  day  from  the  unsprayed  animal  all 
deposited  eggs,  of  which  75  per  cent  hatched. 

Two  days  after  spraying  6  ticks  were  collected  from  one  of  the 
sprayed  cattle.  Three  of  these  deposited  eggs,  none  of  which  hatched. 
Fourteen  ticks  collected  the  same  day  from  the  imsprayed  animal  all 
deposited  eggs,  of  which  4  per  cent  hatched. 

No  engorged  ticks  were  collected  from  the  sprayed  cattie  later  titan 
two  days  after  spraying. 

JVofes  on  the  unireaied  animal. — On  the  day  the  cattle  in  this 
experiment  were  sprayed  the  second  time   the  untreated  aoimal 
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exhibited  a  alight  epidermal  exfoliation  on  various  parte  of  the 
body.     Ticks  in  all  stages  of  development  were  numerous. 

Four  days  after  the  second  spraying  of  the  rest  of  the  cattle  the 
tmtreated  animal  showed  a  slight  scurfiness  of  the  skin  in  various 
places.    Ticks  were  still  numerous,  especially  on  the  escutcheon. 

Seven  days  after  the  second  spraying  of  the  rest  of  ihe  cattJe 
numerous  ticks  in  all  stages  of  development,  most  abundant  on  tiie 
escutcheon,  were  noted  on  the  untreated  animal. 

Eleven  days  after  the  second  sprayii^  of  the  rest  of  the  cattle  the 
presence  of  nymphs  and  adult  tic^,  abundant  on  the  escutcheon 
and  lower  part  of  dewlap,  was  noted  on  the  untreated  animal. 

Fourteen  days  after  the  date  of  the  second  spraying  a  few  nymphs 
and  numerous  adults  were  noted  on  the  unsprayed  animal. 

Twenty-one  days  after  the  date  of  the  second  spraying  numOTOUS 
adult  ticks  in  various  stages  of  growth  were  present  on  the  unsprayed 
animal.     One  nymph  was  found  at  this  time. 

ABSENIC,   SODA,    AND   PINE-TAR  DIP   CONTAININQ   EtIULSIFIED   CRUDE 
PBTROLEDH. 

Repeiiment  No.  IS. 

Fifty  gallons  of  crude  petroleum  mixed  with  12^  gallons  of  hot 
concentrated  soap  solution  were  added  to  the  arsenic,  soda,  and  pine- 
tar  dip  used  in  experiment  No.  2.  A  fairly  good  emulsion  was 
obtained.  No  analysis  of  this  dip  was  made,  but  it  may  be  estimated 
that  it  contained  about  10  per  cent  of  crude  petroleum  and  an' equiva- 
lent of  somewhat  less  than  0.172  per  cent  arsenic  trioxid.  October  22, 
4  cattle  were  sprayed  with  this  mixture  in  the  same  machine  as  used 
in  experiment  No.  2.  The  machine  did  not  work  properly  during  the 
spraying  of  these  animals.  October  23,  57  cattle  were  sprayed.  The 
machine  woi^ed  well  and  these  animals  received  a  thorough  spraying. 
On  both  dates  the  cattle  were  held  in  the  machine  at  least  10  seconds 
each.  Most  of  them  were  grossly  infested  with  ticks  in  all  stages  of 
development. 

Many  of  the  cattle  were  rather  severely  injured  by  the  treatment, 
the  skin  becoming  tiiickened,  cracked,  chafed,  and  sore  to  the  touch, 
with  exfohation,  and  the  animals  showed  more  or  less  stiffness  and 
lameness  as  a  result  of  the  skin  injury.  The  injurious  effects  of  the 
treatment  were  still  well  marked  8  days  after  the  treatment.  The 
cattle  in  this  experiment  were  more  seriously  injured  than  others  of 
the  same  herd  sprayed  with  a  25  per  cent  emulsion  of  crude  petro- 
leum,  and  were  much  more  seriously  injured  than  those  in  experiment 
No.  2  sprayed  with  the  arsenical  solution  before  the  addition  of  the 
crude  petroleum. 
1M07"— BuU.  ] 


igitized  by  Google 


S4  ABSENICAL  DIPS  FOB  Ci.TTLB  TICKS. 

Cattle  closely  examined  7  aod  8  days  after  sprajii^  were  free  from 
ticks,  and  others  seen  8  days  after  spraying  during  a  ride  through 
the  herd  were  apparently  free  from  ticks. 

Thirty-eight  engorged  ticks  were  removed  from  some  of  the  cattle 
14  hours  after  spraying.  Twenty-nine  of  these  died  without  deposit- 
ing e^s.  The  remaining  9  laid  a  few  eggs,  none  of  which  hatched. 
Thirty-four  engorged  ticks  were  removed  from  the  cattle  3  days 
after  spraying.  One  of  these  laid  a  few  eggs,  none  of  which  hatched; 
liie  other  33  died  without  depositing  eggs.  Fourteen  ticks  collected 
October  22  from  untreated  cattle  and  kept  under  the  same  conditions 
as  those  from  the  sprayed  cattle  deposited  niimerous  eggs,  most  of 
which  hatched.  Another  lot  of  6  engorged  ticks  taken  from  untreated 
cattle  on  the  same  date  deposited  about  1,000  eggs,  about  100  of 
which  hatched.  None  of  10  nymphs  collected  14  hours  after  spraying 
molted,  and  9  nympl^  collected  3  days  after  graying  all  failed  to 
molt.  All  but  4  out  of  25  nymphs  collected  October  22  from  untreated 
cattle  and  kept  under  the  same  conditions  as  those  from  the  sprayed 
cattle  afterwards  molted. 

ABSBmO  ANB  ZTSO   SULPHATE  DIP. 
Experiment  No.  14- 

August  7,  1909,  a  tick-infested  calf  was  dipped  at  the  Bureau 
Experiment  Station  in  a  dip  consisting  of  arsenic  trioxid,  zinc  sul- 
phate, and  water,  containing  0.476  u^senic  trioxid  ia  solution. ' 

In  this  dip  the  same  ingredients  were  used  and  in  the  same  pro- 
portion as  those  used  in  the  so-called  "arsenical  dip  of  Trasbot" 
employed  in  France  for  dipping  scabby  sheep,  omitting,  however, 
the  aloes  which  is  included  in  Trasbot's  dip,  with  the  further  differ- 
ence also  that  only  about  half  the  arsenic  used  was  brought  into 
solution,  although  it  was  submitted  to  prolonged  boiling. 

The  calf  had  been  artificially  infested  and  at  the  time  of  dipping 
ticks  in  all  stages  of  development  were  present.  The  period  of 
immersion  in  the  bath  was  two  minutes,  and  after  dipping  the  calf 
was  kept  in  a  noninfested  pen.  The  calf  was  seriously  injured  by 
the  dip.  The  skin  in  places  became  much  thickened  aad  cracked, 
with  much  exfoliation  and  some  loss  of  hair,  and  the  animal  fell 
off  in  flesh  considerably.  Recovery  from  the  effects  of  the  dipping 
required  nearly  a  month.  No  ticks  matured  later  than  two  days 
after  dipping  and  all  that  matured  after  dipping  died  without  de[>osit- 
ing  e^;8.  The  calf  was  entirely  free  from  live  ticta  six  days  after 
dipping. 

Immediately  after  dipping,  August  7,  49  engoiged  t»cks  were 
removed  from  the  calf.    All  of  these  died  without  depositing  eggs. 
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For  comparison  it  may  be  noted  that  24  out  of  a  lot  of  25  Bmall 
and  only  paiiuUy  engoiged  ticks  collected  from  an  undipped  animal 
on  the  same  date  and  kept  under  the  same  conditionB  deposited 
eggs  which  weighed  0.3036  gram,  12  per  cent  of  which  afterwards 
hatched. 

August  8,  5  engorged  and  7  partially  engorged  females  were 
collected  from  the  calf,  all  of  which  died  without  depositing  e^^. 
For  compamon  note  that  1  fuUy  engoiged  and  3  partially  engoiged 
females  collected  from  an  undipped  calf  on  August  8  and  kept  under 
the  same  conditions  as  the  ticks  from  the  dipped  calf  aU  deposited 
eggs  weig^iing  0,1365  gram,  75  per  cent  of  which  hatched. 

August  9,  after  wiuch  date  no  ticks  matured  on  the  calf,  6  nearly 
replete  females  were  collected,  aU  of  which  died  without  depositing 
eggs.  For  comparison  note  that  1  female,  nearly  replete,  col- 
lected from  an  undipped  calf  on  tiie  same  date  and  kept  under 
the  same  conditions  as  the  ticks  from  the  dipped  calf  deposited 
eggs  weighing  0.0295  gram,  80  per  cent  of  which  hatched. 

The  dip  used  in  this  cocperiment  had  the  effect  of  destroying 
not  only  the  yoimger  ticks  but  also  affected  the  engorged  and  nearly 
engoiged  ticks  so  seriously  that  they  died  without  depositing  eggs. 

Judging  from  the  results  of  this  experim^it,  tiie  dip  used,  although 
it  proved  very  efficacious  as  a  tick  killer,  has  no  practical  value 
as  a  cattie  dip  on  account  of  its  severe  effects  and  the  difficulty  of 
dissolving  the  arsenic  in  preparing  it. 

Experiment  No.  JS. 

August  8,  1909,  46  fully  engoiged  female  ticks  were  collected 
from  an  undipped  calf  at  the  Bureau  Experiment  Station.  These 
were' immersed  for  two  minutes  in  some  of  the  solution  need  in 
experiment  No.  14,  which  contained  0.476  per  cent  arsenic  trioxid. 
After  dippng,  the  ticks  were  dried  on  filter  paper,  placed  in  a  Petri 
dish,  and  kept  under  observation  in  the  laboratory.  Forty-four 
of  these  ticks  died  without  depositing  eggs.  The  other  2  deposited 
eggs  amounting  in  a^regate  weight  to  0.0078  gram,  none  of  iiiuch 
hatched.  Out  of  46  engorged  ticks  collected  August  8  and  kept 
under  the  same  conditions  as  the  ticks  referred  to  above,  except 
that  they  were  not  dipped,  45  deposited  e^^  whose  aggr^ate  we^t 
amoimted  to  2.5975  grams,  and  98  per  cent  of  them  hatched.  Another 
lot  of  4  females  collected  August  8  and  kept  under  the  same  condi- 
tions deposited  ^;s  weighing  0.1365  gram  75  per  cent  of  which 
hatched. 
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ABSBNIO-ALUlf  DIP. 

^cperitiutU  No.  16. 

Ai^ust  10,  1909,  a  calf  which  had  been  artificially  infested  with 
lacte  was  dipped  at  the  Bureau  Ezpwiment  Station  in  a  dip  con- 
fflstiug  of  arsenic  trioxid,  alum,  and  water,  contMning  0.495  per  cent 
arsenic  trioxid  in  solution.'  This  dip  is  similar  to  a  dip  used  more 
or  less  in  Kurope  for  the  treatment  of  sheep  scab. 

At  the  time  of  dipping,  ticks  in  all  stages  of  development  were 
present  on  the  calf.  The  animal  waa  immersed  in  the  dip  for  two 
minutes.    After  dipping  the  calf  was  kept  in  a  noninfeated  pen. 

The  skin  of  the  calf  waa  slightly  injured  by  the  dipping  to  the 
extent  that  in  places  some  thickening  with  exfoUation  occurred, 
which  was  still  noticeable  August  20,  but  had  disappeared  by  Septem- 
ber 9.  The  animal  waa  entirely  free  from  lacks  within  eight  days  after 
dipping.  No  ticks  matured  on  the  calf  later  than  three  days  after 
dipping.  All  that  matured  either  died  without  cvipositing  or 
deposited  only  a  few  eggs,  none  of  which  hatched. 

Thia  dip  was  very  efficacious  and  produced  only  slight  skin  injury. 
The  difficulty  of  preparing  it,  however — that  is,  of  dissolving  the 
arsenic  trioxid — renders  it  undesirable  for  practical  use. 

August  10,  immediately  after  dipping,  43  engorged  and  nearly 
engorged  female  ticks  were  collected.  All  of  these  died  without 
depositing  eggs.  Later  in  the  same  day  19  engorged  females  were 
collected,  all  but  4  of  which  died  without  depositing  e^s.  These 
4  deposited  ^;s  amounting  to  0.013  gram  in  weight,  none  of  which 
hatched.  For  comparison  with  the  above  it  may  be  noted  that 
21  out  of  a  lot  of  22  females,  none  fully  grown,  collected  August 
10  from  an  undipped  animal  and  kept  under  the  same  conditiona 
as  those  from  the  dipped  calf  deposited  eggs  aggregating  0.4242 
gram  in  weight,  and  that  50  per  cent  of  theae  hatched. 

August  11,  18  females  (6  engoiged  and  12  partially  eogoiged) 
were  collected,  3  of  which  deposited  egga  we^hing  0.0495  gram, 
none  of  which  hatched.  The  other  15  died  without  depositing 
e^s.  In  comparison  note  that  18  females  (4  fully  engorged  and 
14  nearly  engoiged)  collected  from  undipped  cattle  August  11 
and  kept  under  the  same  conditiona  all  deposited  egga  weighing 
0.2441  gram,  40  per  cent  of  wluch  hatched. 

August  12,  two  days  after  dipping,  14  females  (6  fully  engoiged 
and  8  nearly  engoiged)  were  collected,  and  2  of  tliese  laid  egg^ 
weighiog  0.00S2  gram.  The  other  12  ticka  died  without  ovipositing. 
None  of  the  eggs  hatched.  In  comparison  note  that  5  females  (3 
fuUy  engoiged  and  2  partially  engoiged)  collected  from  undipped 
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cattle  August  12  and  Iffipt  under  the  same  conditions  all  deposited 
egga  weighing  0.1555  gram,  and  that  60  per  cent  of  these  hatched. 
August  13  was  the  last  day  on  which  any  ticks  matured  on  the 
calf  in  this  experiment.  On  tJiis  date  6  females  (3  fully  engorged 
and  3  partially  engorged)  .were  removed,  1  of  which  survived 
to  deposit  e^fi  weighing  0.0293  gram.  None  of  these  hatched. 
In  comparison  note  tiiat  17  engorged  females  collected  from  an 
undipped  calf  August  13  and  kept  under  the  same  conditions  as 
those  from  the  dipped  calf  all  deposited  eggs  weighing  0.8953  gram, 
ami  that  97  per  cent  of  these  hatched.  It  may  also  be  noted  that 
1  engorged  female  removed  from  an  undipped  calf  August  13,  and 
tffipt  under  the  same  conditions  as  the  ticks  from  the  dipped  calf, 
deposited  e^a  weighing  0.0426  gram,  and  that  40  per  cent  of  these 
hatched. 

Exptriment  No.  17. 

Fifty-nine  engorged  female  ticks,  collected  August  10,  1909,  from 
cattle  at  the  Bureau  Experiment  Station,  were  immersed  two  minutes 
on  August  11  in  some  of  the  dip  used  in  Experiment  No.  16,  which 
contained  0.495  per  cent  arsenic  trioxid.  After  dipping,  the  ticks 
were  dried  on  filter  paper,  placed  in  a  Petri  dish,  and  kept  under 
ohservation  in  the  laboratory.  Fifty-seven  of  these  ticks  died  with- 
out depositing  eggs.  The  other  two  deposited  e^s  whose  aggregate 
weight  amounted  to  0.0123  gram.    None  of  these  eggs  hatched. 

fifty-eight  in  a  lot  of  59  undipped  ticks,  collected  at  the  same  time 
as  those  just  referred  to,  deposited  e^s  whose  aggregate  weight 
equaled  2.773  grains,  and  97  per  cent  of  which  hatched,  having  been 
kept  under  the  same  conditions  as  those  from  the  dipped  ticks. 

BODIUH   ABBEKATE  DIP. 
Experiment  No.  18. 

November  10,  1910,  60  engorged  ticks  collected  from  an  infested 
bull  at  the  Bureau  Experiment  Station  were  divided  into  3  lots  of 
20  each  and  kept  in  the  laboratoiy  in  Petri  dishes,  all  under  similar 
conditions.  Sufficient  moisture  to  insure  the  hatching  of  normal 
^;ga  was  provided  by  the  presence  of  sand  in  the  dishes,  which  was 
kept  moist. 

Lot  No.  1  was  dipped  two  minutes  on  November  10  in  a  neutral 
solution  of  sodium  arsenate  containing  an  equivalent  of  0.22  per  cent 
arsenic  trioxid.' 

Lot  No.  2  was  dipped  two  minutes  on  the  same  date  in  a  slightly 
^kaline  solution  of  sodium  arsenate  containing  an  equivalent  of  0.22 
per  cent  arsenic  trioxid.' 
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Lot  No.  3  was  not  dipped. 

All  but  one  of  the  first  lot  of  ticks  deposited  eggs,  of  which  1  per 
cent  hatched.  All  of  the  second  lot  deposited  e^s,  of  which  2  per 
cfflit  hatched.  The  third  lot  of  ticks,  which  were  not  dipped,  all 
depofflted  eggs,  of  which  99  per  cent  hatched. 

SODIUM  SULPHABfiElflTE  DIP. 
Erperiment  No.  19. 

Twenty-two  engorged  ticka,  collected  October  19  and  20, 1910,  from 
an  infested  bull  at  the  Bureau  Experiment  Station,  were  dipped  two 
minutes,  October  21,  in  a  slightly  alkaline  solution  of  sodimn  sulph- 
arsenite  containing  an  equiTalent  of  0.22  per  cent  aisenic  trioxid.' 
After  dipping,  these  ticks  were  placed  in  a  Petri  dish  and  ke^t  under 
obsecration  in  the  laboratory. 

On  the  same  date  22  engotged  ticks  collected  at  the  same  time  and 
from  the  same  animal  as  the  preceding  lot  were  dipped  two  minutes 
in  an  arsenic,  soda,  and  pine-tar  dip,  made  October  20,  which  contained 
an  equivalent  of  0.22  per  cent  arsenic  trioxid. 

A  third  lot  of  22  engoiged  ticks  also  collected  at  the  same  time  and 
from  the  same  animal  as  the  other  two  lots  was  kept  under  obser- 
Tation  undipped.  Except  as  to  dipping,  all  three  lots  were  handled 
in  the  same  manner  and  kept  under  the  same  condi1i(His. 

Of  the  lot  dipped  in  sodium  sulpharsenite  all  but  tiiree  deposited 
eggs.  November  11  about  half  the  eg^  were  normal,  but  none 
hatched.  All  of  the  ticks  dipped  in  the  arsenic,  soda,  and  pine-tar  dip 
died  without  ovipositing.  All  of  the  undipped  ticks  deposited  eggs, 
practically  all  of  wluch  were  normal  on  November  11.  Less  thw  1 
per  cent  of  the  eggs  hatched. 

The  low  relative  humidity  of  the  air  of  the  laboratoiy  was  unfavor- 
able to  the  hatching  of  the  e^s  iu  this  experiment. 

POTASSIUM  ABSENITE  DIP  OONTADTraO  SOAP. 

ExpaimaU  No.  tO. 

Twenty  cattie  heavily  infested  with  ticks — some  veiy  heavily— 
were  selected  from  a  herd  on  the  Rincon  ranch,  near  Gregory,  Tex., 
and  these  animaln  were  dipped  June  25,  1910.  The  dip  used  was  a 
proprietaiy  arsenical  mixture.  When  diluted  the  dip  contained  an 
equivalent  of  0.202  per  cent  arsenic  trioxid  *  in  the  form  of  potassium 
arsenite.  It  also  contained  some  soap  in  addition  to  other  ingredients 
of  minor  importance.  The  vat  used  was  about  93  feet  in  length  at 
the  surface  of  the  dip.  Each  animal  was  in  the  bath  from  30  to 
60  seconds.    After  dipping,  some  of  the  cattle  were  kept  in  cUsin- 
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fected  pens  biuI  some  on  infested  pasture.  Five  to  nine  days  after 
dipping  an  exfoliation  of  the  epidermis  s^peared,  rather  mu^d  in 
the  case  of  2  bulls,  but  generally  slight  in  the  case  of  the  remaining 
animals,  onty  2  of  idiich  exhibited  evidences  of  more  than  very  mild 
skin  injury.  One  of  these  showed  a  rather  severe  exfoliation  ou  the 
escutcheon,  tlu^^,  dewlap,  and  other  parte  of  the  body,  and  the 
other  showed  a  rather  severe  exfoliation  of  the  skin  on  the  dewlap, 
the  exfoliation  on  the  posterior  parts  of  the  body  being  slight.  The 
exfoliation  in  the  case  of  the  2  bulls  which  were  dipped  but  once  was 
described  as  rather  severe,  cauHJng  a  loss  of  hair  on  iixe  inner  side  of 
the  thighs.  In  no  instance,  however,  was  the  exfoliation  preceded  by 
noticeable  inflammation. 

July  5,  10  days  after  the  first  dipping,  all  but  3  of  the  cattle  were 
dipped  a  second  time  in  the  same  vat  and  in  the  same  dip,  to  which 
more  water  had  been  added.  At  the  second  dipping  the  dip  con- 
tained an  equivalent  of  0.197  per  cent  arsenic  trioxid.'  Following 
the  second  dipping  the  cattle  which  had  been  on  infested  pasture 
between  dippings  were  returned  to  the  infested  pasture,  except  2 
which  were  placed  in  a  disinfected  pen.  lliose  which  had  been  in 
disinfected  pens  between  dippings  were  returned  to  the  same  pens. 

The  cattle  were  examined  individually  on  Jime  25,  before  dipping, 
and  every  few  days  thereafter,  the  final  examination  being  made  on 
July  18,  two  weeks  after  the  second  dipping. 

Eight  to  13  days  after  the  second  dipping  a  fresh  exfoliation  of  the 
epidermis  became  evident  on  some  of  the  animals,  but  it  was,  as  a 
rule,  much  less  marked  than  the  exfoliation  following  the  first  dipping. 

Within  four  days  after  the  first  dipping  most  of  the  ticks  were  dead. 
All  but  7  of  the  cattle,  so  far  as  could  be  determined  from  careful 
examination,  were  free  from  live  ticks  9  days  after  the  first  dipping. 
At  that  time  the  ticks  found  aUve  were  2  recently  molted  females, 
8  males  (6  of  them  newly  molted) ,  and  6  nymphs.  The  following  day 
an  additional  male  was  found,  Tna.lfrpg  17  the  total  recorded  number 
of  live  ticks  present  on  the  cattle  just  prior  to  the  second  dipping. 

None  of  the  3  cattle  which  were  dipped  but  once  and  subsiaquently 
kept  in  a  disinfected  pen  showed  any  infestation  after  July  2,  7 
days  after  dipping.  A  very  plump  female  one-fourth  of  an  inch  long 
was  found  on  one  of  the  twice-dipped  cattle  2  days  after  the  second 
dipping.  This  tick  was  found  dead  2  days  later.  Four  days  after 
die  second  dipping  a  veiy  plump  female  one-third  of  an  in<^  long 
was  found  on  another  animal.  This  tick  was  removed  and  placed 
in  a  pill  box.  It  died  without  depositing  eggs.  At  the  final  examina- 
tion a  female  tick  which  had  molted  several  days  before  was  found. 
Except  for  larvn  which  were  found  at  the  final  exunination  on  the 
cattle  which  occupied  infested  pasture,  these  3  ticb  were  all  that 
'  Aoaljila  nud*  In  Blodwmlo  DtTtatoo. 
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were  found  upon  the  cattle  subeequrait  to  the  second  dipping.  Most 
of  the  larves  found  st  the  final  examination  were  not  more  than  1  to 
2  days  old  (reckoning  from  date  of  attachment) .  Only  one  was  found 
which  was  older.  This  one  had  possibly  been  attached  for  as  long 
as  4  days. 

From  tune  to  time  after  the  first  dipping  ticks  were  removed  from 
tiie  dipped  cattle  and  placed  in  boxes  for  further  observation,  and  at 
the  same  time  ticks  were  removed  from  undipped  cattle  and  kept  under 
the  same  condititms  for  comparison  with  those  from  the  dipped  cattle. 

AJI  of  the  engorged  femi^  (10)  removed  from  tiie  cattle  imme- 
diately after  dipping  died  without  depositing  eggs.  Four  out  of  20 
partly  engorged  females  deposited  eggs,  none  of  whidi  hatched. 
Eleven  engoiged  and  25  partly  engorged  females  removed  from 
undipped  cattle  on  the  same  date  deposited  e^;s,  about  50  per  cent 
of  which  hatched. 

Two  days  after  dipping,  48  engorged  and  26  partially  engorged 
females  were  removed  from  the  dipped  cattle.  About  20  of  the 
former  and  5  of  the  latter  deposited  eggs.  None  of  the  ^gs  laid  by 
the  latter  hatched  and  about  1  per  cent  of  those  laid  by  tiie  former 
hatched.  On  the  same  date  14  female  ticks  not  more  ihtta  half  grown 
were  removed  from  undipped  cattle.  About  3  per  cent  of  the  eggs 
deposited  by  these  ticks  hatched. 

Three  days  after  dipping,  22  fully  engorged  and  18  partially  engorged 
ticks  were  removed  from  the  dipped  cattle.  About  10  of  the  former 
oviposited.  Some  of  the  latter  also  deposited  eggs,  none  of  which 
hatched.  Less  than  1  per  cent  of  the  eggs  deposited  by  the  engoi^;ed 
females  hatched.  On  the  same  date  1  engoiged  and  13  partially 
engoiged  females  were  removed  from  undipped  cattle.  Moat  of  these 
deposited  eggs,  and  about  10  per  cent  of  the  eggs  hatched. 

Four  days  after  dipping,  3  partially  engorged  females  were 
removed  from  the  dipped  cattle.  All  of  these  died  without  deposit- 
ing eggs.  On  the  same  dat«  3  females  one-fourth  to  one-half 
grown  were  removed  from  undipped  cattle.  These  deposited  e^s,  60 
per  cent  of  which  hatched. 

Five  days  after  dipping,  1  engorged  female  was  removed  from  one 
of  ike  dipped  cattle.  This  tick  died  without  ovipositing.  On  ihe 
same  date  1  engorged  and  2  two-thirds  grown  females  were  removed 
from  an  undipped  bull.  Ail  of  these  deposited  eggs,  95  per  cent 
of  which  hatched. 

Six  days  after  dipping,  a  female  tick  not  more  than  one-half  grown 
was  removed  from  one  of  the  dipped  cattle.  'Hiis  tick  died  without 
depositing  eggs. 

Fourteen  days  after  the  first  dipping  and  4  days  ^ter  tbe  second 
dipping,  a  very  pliunp  female   one-tJiird   of  an  inch    long  was 
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removed  from  one  of  the  dipped  cattle.  This  tick  died  without 
depositing  e^a. 

Immediately  after  dipping,  12  nymphs  were  removed  from  the 
dipped  cattle.  None  of  these  molted.  At  the  same  time  20  nymphs 
were  removed  from  undipped  cattle.    All  but  one  of  these  molted. 

Two  days  after  dipping,  17  nymphs  were  removed  from  the  dipped 
cattle.  None  of  these  molted.  On  the  same  date  2  nymphs  were 
removed  from  undipped  cattle,  and  both  molted. 

Three  days  after  dipping,  41  nymphs  were  removed  from  the  dipped 
cattle.    None  of  these  molted. 

Four  days  after  dipping,  64  nymphs  were  removed  from  the  dipped 
cattle.  None  of  these  molted.  On  the  same  date  42  nymphs  were 
removed  from  undipped  cattle,  27  of  which  molted. 

Five  days  after  dipping,  46  nymphs  were  removed  from  the  dipped 
cattle.  None  of  these  molted.  Chi  the  same  date  12  nymphs  were 
removed  from  an  undipped  bull,  and'lO  of  them  molted. 

Six  days  after  dipping,  1  nymph  was  removed  from  one  of  the 
dipped  cattle.     This  nymph  failed  to  molt. 

Exptrimmt  No.  tl. 

This  experiment  was  conducted  under  the  supervision  of  Dr.  Dick 
E.  Warner,  veterinary  inspector,  assisted  by  Mr.  Charles  H.  Gibson, 
agent  in  tick  eradication,  both  of  the  Bureau  of  Animal  Industry. 
The  following  account  is  summarized  from  Dr.  Warner's  report: 

October  26,  1910,  20  head  of  tick-infested  cattle  were  dipped  on 
the  Woodley  ranch  near  Tulsa,  Okla.  These  cattle  were  all  grossly 
infested  with  ticks  in  all  stages  of  development,  including  some  larvie. 
The  infestation  was  most  pronounced  along  the  inside  of  the  thighs, 
on  the  escutcheon,  neck,  dewlap,  and  along  the  anterior  border  of 
the  scapula.  The  animals  were  infested  to  a  less  degree  on  all  other 
parts  of  the  body.  In  several  instances  the  infestation  reached  the 
degree  known  as  "shingled,"  and  in  some  instances  ticks  were  noted 
within  the  ears.  All  the  cattle  carried  a  heavy  winter  coat  of  hair. 
All  were  in  good  health  at  the  time  of  dipping  with  the  exception  of  2, 
which  presented  the  appearance  of  having  recently  suffered  from  an 
attack  of  fever.  During  the  experiment  these  2  animob  constantly 
improved  in  condition. 

The  dip  used  was  a  proprietary  arsenical  dip  of  the  same  brand  as 
tjiat  used  in  experiment  No.  20.  When  diluted  for  use  it  contained 
on  equivalent  of  0.224  per  cent  arsenic  trioxid.* 

The  vat  in  which  the  cattle  were  dipped  was  31  feet  in  length  at  the 
surface  of  the  dip.  Each  animal  was  held  in  the  bath  from  13  to  16 
seconds.  After  dipping,  4  of  the  cattle  were  placed  in  a  tick-free  pen, 
and  the  remaining  16  in  a  small  infested  pasture.    In  view  of  the  cool 
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weather  preTailing,  it  is  probable  that  the  latter  were  exposed  to  but 
slight  chances  of  reinfest&tion.  A  heavy  frost  occurred  every  night 
but  one  during  the  experiment,  and  at  times  ice  formed  during  the 
ni^t  to  a  thickuees  of  one-tliird  of  an  inch.  There  was  no  nun  during 
the  experiment. 

After  dipping,  the  cattle  were  examined  at  intervals  of  a  few  days. 
A  slight  exfoliation  of  the  epidermis  was  noted,  beginning  4  days 
after  dipping.  At  no  time  did  this  exfoliation  become  extensive,  nor 
was  it  accompanied  by  inflammation.  No  injury  to  the  skin  or 
hair  was  noted. 

Most  of  the  ticks  had  disappeared  by  the  fourth  day  after  dipping. 
No  live  larval  ticks  were  found  subsequent  to  dipping.  Eight  days 
after  dipping  2  live  males  were  found  on  1  animal.  On  8  catde 
14  nymphs  apparently  alive  were  found  S  days  after  dipping.  On 
18  of  the  cattle  99  live  females,  from  newly  molted  to  one-half 
grown,  were  found  8  days  after  dipping.  Thirty-one  female  ticks 
over  half  grown  were  found  on  6  of  the  cattle  8  days  after  dipping. 
Thirteen  of  tiiese  were  stated  to  be  mature.  Two  cattle  were  free 
from  ticks  8  days  alter  dipping.  One  of  tbese  had  been  kept  in 
the  disinfected  pen,  the  other  in  the  infested  pasture. 

November  4,  18  of  the  cattle  were  dipped  again.  The  other  2 
were  not  dipped  a  second  time,  but  were  kept  under  observation  for 
23  days  after  dipping  and  were  still  infested  with  ticks  at  the  end  of 
this  time.  Both  of  these  animals  occupied  the  infested  pasture  after 
dipping.  No  live  nymphs  were  noted  on  one  of  these  cattle  subse- 
quent to  October  30.  One  nymph  apparently  alive  was  noted  on 
the  other  8  days  after  dipping,  but  none  was  found  subsequently. 
Twenty-three  days  after  dipping  the  only  ticks  found  on  the  cattle 
which  were  dipped  but  once  were  3  finales  on  one  and  1  female  on 
the  other. 

At  the  second  dipping  ihe  dip  which  was  left  in  the  vat  since  the 
first  dipping  was  used.  A  sample  taken  at  the  time  of  the  second 
dipping  showed  the  presence  of  an  equivalent  of  0.233  per  cent 
arsenic  triozid.'  Each  animal  dipped  was  held  in  the  bath  13  to  15 
seconds,  except  one,  which  was  held  but  9  seconds.  Following  the 
second  dipping  12  of  the  cattle  dipped  were  placed  in  the  infested 
pasture  and  6  in  the  disinfected  pen.  Four  of  these  6  had  occupied 
the  pen  between  the  2  dippings;  the  other  2  had  been  in  the  infested 
pasture. 

The  effects  of  the  second  dipping  on  the  skin  were  described  as 
extremely  mild,  consisting  of  slight  exfoliation,  not«d  in  the  case  of 
only  2  animals.  Twelve  days  after  the  second  dipping  the  exfolia- 
tion due  to  the  first  dipping  continued  in  a  mild  form,  tmaccompa- 
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nied  by  inflammation,  and  without  noticeable  injury  to  the  hair  or 
Bkin. 

A.  Tijmph  apparently  alive  was  found  on  each  of  2  cattle  out  of  a 
total  of  7  examined  two  days  after  the  second  dipping.  No  live 
zxympha  were  afterwards  found  on  any  of  the  twice-^pped  cattle. 
No  Htb  males  were  found  subsequent  to  the  second  dipping.  On  5 
of  the  7  cattle  examined,  14  female  ticks  were  found,  raiding  in 
development  from  newly  molted  to  two-thirds  grown.  The  other  2 
cattle  were  free  from  ticks  and  none  was  afterwards  found  on  them. 
Four  days  aft«r  the  second  dipping  11  cattle  were  examined  and  2 
found  to  be  infested.  Two  female  ticks  one-eixth  grown  and  1 
female  tick  two-thirds  grown  were  found  on  1  of  the  2  infested 
cattle,  and  1  female  tick  about  one-half  grown  on  the  other,  a  total 
of  4  ticks.  The  other  0  cattle  were  free  from  ticks  and  none  was 
found  on  them  subsequently.  Six  days  after  the  second  dipping  8 
cattle  were  examined  and  1  of  tjiem  was  found  to  be  infested  with  a 
female  tick  one-half  grown.  This  animal  was  1  of  the  2  found  in- 
fested 4  days  after  the  second  dipping.  iS^t  days  after  the  second 
dipping  10  cattle  were  examined,  including  the  1  found  infested  6 
days  after  dipping.  No  lire  ticks  were  found.  Ten  days  after  the 
second  dipping  8  cattle  were  examined  and  on  1  of  them  was  found 
a  female  tick  over  one-half  grown.  This  was  the  last  tick  found 
subsequent  to  the  second  dipping.  The  animal  on  which  it  was 
found  was  1  of  those  examined  6  da^  after  dipping  and  at  that 
time  was  apparently  free  from  ticks.  The  tick  showed  evidences  of 
the  injurious  effects  of  the  dip.  Two  days  later  or  12  days  after  the 
secimd  dipping  this  tick  had  disappeared.  Fourteen  days  after  the 
second  dipping  all  of  tiie  twice-dipped  cattle  were  free  from  ticks. 

From  time  to  time  after  the  first  dipping  ticks  were  removed  from 
the  dipped  cattle  and  placed  in  boxes  for  further  observation.  Ticks 
were  also  removed  from  undipped  cattle  and  kept  under  similar  con- 
ditions for  comparison  with  those  from  the  dipped  cattle. 

Engorged  ani  partidUy  engorged  fenuUea. — One  hour  after  the  first 
doping  100  engorged  females  were  removed  from  Uie  dipped  cattle. 
All  of  these  died  without  depositing  e^s.  Another  lot  of  100  esx- 
gorged  females  removed  at  the  same  time  from  undipped  cattle  all 
deposited  e^;s. 

Two  days  after  dipping  60  oigorged  or  nearly  engorged  female 
ticks  and  10  half-grown  females  were  removed.  The  latter  died 
without  ovipositing.  Of  ihe  former,  48  deposited  eggs  in  number 
less  than  normal.  At  the  same  time  40  engoi^ed  or  nearly  engotf^ 
females  and  30  half-grown  females  were  removed  from  undipped 
cattle.    All  of  the  former  and  3  of  the  latter  depoated  eggs. 

Four  days  after  dipping  15  engorged  females  and  12  one-third  to 
one-half  grown  females  were  removed  from  the  dipped  cattle.    None 
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of  the  latter  depoEdted  eggs.  Six  of  the  former  depoEdted  eggs  in 
number  less  thsJi  normal.  On  the  same  date  16  engorged  females 
and  12  one-third  to  one-half  grown  females  were  removed  from 
undipped  cattle.  All  of  the  former  and  none  of  the  latter  deposited 
egga- 

Six  days  after  dipping  1 2  engorged  females  and  7  one-third  to  one- 
half  grovn  females  were  removed  from  the  dipped  cattle.  Three  of 
the  former  deposited  e^s  in  number  less  thfoi  normal  and  none  of 
the  latter  deposited  eggs.  On  the  same  date  12  eogoiged  or  neaiiy 
engoi^d  females  and  7  one-third  to  one-half  grown  females  were 
removed  from  undipped  cattle.  All  of  the  former  and  none  of  the 
latter  deposited  e^s. 

The  ticks  which  had  been  removed  from  the  cattle  and  eggs  which 
they  had  deported  were  sent  to  the  laboratoiy  of  the  Zoological 
Division  at  Washington  in  the  early  part  of  December.  They  were 
in  such  poor  condition  when  received  that  it  was  considered  useless 
to  make  any  further  observations  upon  them. 

Nymphs. — Two  days  after  dipping  15  nymphs  were  removed  from 
the  dipped  cattle.  All  of  these  died  without  molting.  On  the  same 
date  20  nymphs  were  removed  from  undipped  cattle.  Two  of  these 
molted,  the  others  died  without  molting. 

Four  days  after  dipping  15  nymphs  were  removed  from  the  dipped 
cattle.  Two  of  these  molted,  the  others  died  without  molting.  On 
the  same  date  15  njTuphs  were  removed  from  undipped  cattle. 
Three  of  these  molted,  the  others  died  without  molting. 

^x  days  after  dipping  4  nymphs  were  removed  from  the  dipped 
cattle.  All  died  without  molting.  On  the  same  date  4  n3rmphs 
were  removed  from  undipped  cattle.    All  died  without  molting. 

EFFKCr    OF    BfiPElATBD    APPLICATIONS   OF    THE   ABSBNIO,    SODA,    Ain> 
PINE-TAa  BIP. 

Experiment  No.  tt. 

This  experiment,  though  not  concerned  with  the  efficacy  of 
arsenical  dips,  may  be  recorded  here  inasmuch  aa  it  has  a  bearing 
lipon  the  question  of  the  iniurious  effects  of  these  dips  upon  cattle. 

Beginning  June  23,  1910,  2  lots  of  calves  of  3  head  each  were 
dipped  repeatedly  at  intervab  until  near  the  end  of  October.  A 
thud  lot  of  3  was  kept  under  observation  undipped.  AH  3  lots  were 
kept  together  in  the  same  yard  and  stable  at  the  Bureau  Experiment 
Station  under  the  same  conditions  except  as  to  dipping. 

Lota  A  and  B  were  dipped  June  23  in  a  dip  made  from  7  pounds  of 
arsenic  trioxid,  6}  pounds  of  sodium  carbonate  (anhydrous),  0.7 
gallon  of  pine  tar,  and  sufficient  water  to  make  a  total  of  350  gallons. 
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This  dip  contained  sodium  arsenite  equivalent  in  amount  to  0.217 
per  cent  arsenic  trioxid.' 

One  week  later  lot  A  was  dipped  again  in  the  same  dip  and  there- 
after was  dipped  every  two  weeks  until  October  20,  when  the  last 
dipping  was  made.  At  the  last  dipping  a  freshly  prepared  dip  was 
used,  which  was  mixed  in  the  same  proportions  as  the  dip  made  in 
June,  and  contained  sodium  arsenite  in  solution  equivalent  to  0.22 
per  cent  arsenic  trioxid.' 

Lot  B  was  dipped  every  three  weeks  after  the  first  dipping,  using 
the  dip  made  June  23.  The  last  dipping  was  made  on  October  27. 
At  this  dipping  the  freehly  prepared  dip  made  October  20  was  used. 

The  cattle  of  lot  A  were  accordingly  dipped  10  times  and  those  of 
lot  B  7  times.  Each  animal  when  dipped  was  kept  in  the  bath  2 
minutes.    Once  a  week  the  cattle  were  weighed  and  examined. 

One  week  after  the  first  dipping  5  of  the  6  animals  dipped  showed 
a  slight  scurfy  condition  of  the  skin  on  different  parts  of  the  body, 
but  no  irritation.    The  hair  was  rather  dry  and  rough. 

Two  weeks  after  the  first  dipping  and  one  week  after  the  second 
dipping,  one  of  the  cattle  in  lot  A  showed  a  moderate  dandruff-like 
exfoliation  on  the  neck,  inner  side  of  thighs,  and  the  flank.  Another 
showed  some  roughness  of  the  skin  on  the  umer  side  of  the  thighs 
and  the  third  showed  a  veiy  slight  roughness  of  the  skin  in  the  same 
location.  One  of  the  cattle  in  lot  B,  two  weeks  after  dipping^ 
showed  considerable  epidermal  exfoliation  of  a  dandruff-like  character 
on  the  brisket  and  inner  side  of  thighs.  Another  showed  a  very  slight 
roughness  on  the  inner  side  of  one  thigh,  and  the  third  a  rough  exfolia- 
tion on  the  inner  side  of  both  thighs. 

Three  weeks  after  the  first  dipping  and  two  weeks  after  the  second 
dipping,  one  of  the  cattle  in  lot  A  had  a  slight  scurf  in  the  hair  on  the 
brisket  and  on  the  elbows.  Another  showed  a  slight  roughness  of  the 
skin  on  the  inner  side  of  the  thighs.  The  skin  of  the  third  calf  was 
normal.  On  the  same  day  one  of  the  animals  of  the  other  lot  which 
had  been  dipped  3  weeks  before  was  scurfy  on  the  brisket,  and 
the  skin  on  the  inner  side  of  the  thighs  was  slightly  rough.  Another 
had  a  slight  loose  scurf  on  the  inner  side  of  the  thighs,  and  the  third 
showed  some  scurf  and  scale  on  the  Inner  side  of  thighs,  peeling  off 
with  slight  loss  of  hair. 

By  August  4  all  evidences  of  any  injurious  action  of  the  dip  on  the 
skin  of  the  dipped  animals  had  disappeared,  and  no  signs  of  any 
action  of  the  dip  on  the  skin  were  thereafter  observed  except  that  at 
times  the  hair  of  the  dipped  animals  appeared  to  be  somewhat  dryer 
than  that  of  the  undipped  animals,     llie  freshly  prepared  dip  used 
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at  the  final  dipping  had  no  noticeable  effect  upon  the  skin.  During 
the  progress  of  the  experiment  the  cattle  of  all  three  lote  became 
more  or  less  affected  with  ringworm,  upon  which  the  dip  had  no 
apparent  effect. 

July  29,  one  of  the  cattle  in  lot  C,  the  undipped  lot,  died.  The 
lunge  were  pneumonic  with  many  lung  worms  present. 

August  13,  one  of  the  animals  in  lot  B  died  after  symptoms  of 
pneumonia.  On  p08t-mort«m  the  lungs  were  found  to  be  in  a  pneu- 
monic condition,  and  the  trachea  was  occluded  with  a  mass  of  lung 
worms. 

Other  calves  in  the  three  lots  of  cattle  presented  symptoms  from 
time  to  time  suggesting  the  presence  of  lung  worms,  but  the  two  just 
referred  to  were  the  only  ones  which  died.  Another  calf  was  added 
to  lot  C  to  take  the  place  of  the  one  which  died,  but  lot  B  was 
continued  after  August  13  with  only  two  calves. 

The  three  calves  in  lot  A  on  June  23  weighed  172.5  pounds,  210 
potmds,  and  235  pounds,  respectively,  and  on  November  3,  at  the 
close  of  the  experiment,  240,  260,  and  315  pounds,  respectively.  Hie 
two  calves  in  lot  B  which  survived  weighed,  respectively,  215  and 
242.5  pounds  at  the  beginning  of  the  experiment  and  285  and  365 
pounds  at  the  end  of  the  experiment. 

The  two  surviving  calves  of  the  three  original  animals  in  lot  C,  the 
undipped  lot,  weighed,  respectively,  232.5  and  342.5  pounds  at  the 
beginning  of  the  experiment  and  415  and  570  pounds  at  the  end  of  the 
experiment.  The  calf  substituted  for  the  one  that  died  weighed  180 
pounds  August  4  and  240  pounds  at  the  close  of  the  ejq>eriinent.  At 
times  the  animals  in  all  three  lots  fell  back  in  weight,  but  on  the  whole 
they  showed  a  gradual  increase  from  first  to  last. 

From  the  foregoing  figures  it  is  seen  that  the  average  gain  in  weight 
of  the  cattle  in  lot  A  was  32  per  cent,  in  lot  B  42  per  cent,  and  in  the 
undipped  lot  C,  assuming  that  the  substitute  calf  gained  30  pounds 
from  June  23  till  August  4,  when  it  entered  the  experiment,  68  per 
crait.  Apparently  the  gain  in  weight  was  diminished  as  a  result  of 
dipping,  but  the  number  of  cattle  in  the  experiment  was  too  small  for 
any  definite  conclusion  to  be  drawn  in  regard  to  this  point.  The  fact 
also  that  some  of  the  cattle  were  suffering  more  or  less  from  lung- 
worm  infection  is  a  factor  which  would  affect  the  vaUdity  of  any  gen- 
eral conclusion  that  might  be  drawn  from  this  experiment  as  to  the 
relative  gain  in  weight  shown  by  cattle  repeatedly  dipped  in  arsenical 
dip,  fis  compared  with  undipped  cattle. 

In  view  of  the  oxidation  of  the  dip  used  in  the  present  experiment 
which  b^an  to  occur  at  some  time  subsequent  to  the  third  dipping  of 
lot  A  and  the  second  dipping  of  lot  B,  the  value  of  the  experiment 
is  less  than  it  would  have  been  had  freshly  made  dips  been  prepared 
from  time  to  time.    The  effects  of  repeated  applications  of  fresh^ 
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made  dips  might,  of  course,  have  prOTed  more  Berious  than  those 
which  occurred  as  a  result  of  the  repeated  use  of  the  oxidized  dip. 
The  experiment  was  therefore  unsatisfactory  so  far  as  concerns  the 
question  as  to  the  amount  of  injury  to  cattle  which  may  be  expected 
when  they  are  dipped  r^»eatedly  at  intervals  of  two  to  three  weeks 
duiing  a  period  of  several  months  in  an  arsenic,  soda,  and  pine-tar  dip 
containing  sodium  arsenite  equivalent  to  0.22  per  cent  arsenic  trioxid. 

DIBOTTBBIOK  OF  ILE8in.TB. 

EFFECTS  OF  AB8ENICAL  DIPS  ON  CATTLE. 

The  effects  of  the  dips  upon  the  cattle  in  the  various  experiments 
were  almost  invariably  slight. 

No  constitutional  symptoms  were  observed  except  in  one  experi- 
ment (No.  14),  in  which  a  dip  containing  0.476  per  cent  of  arsenic  tri- 
oxid was  used,  and  these  may  have  been  secondary  to  severe  skin 
lesions.  The  calf  dipped  in  this  strong  solution  lost  considerably  in 
weight  and  did  not  begin  to  recover  from  the  effects  of  the  dip  until 
about  a  month  after  dipping.  In  another  experiment  (No.  16)  a  calf 
dipped  in  a  still  stronger  solution  (0.495  per  cent)  of  arsenic  trioxid 
showed  no  signs  of  injury  other  than  slight  skin  injury.  Cattle  not 
infested  with  ticks,  dipped  repeatedly  in  a  dip  containing  an  equiva- 
lent of  about  0.22  per  cent  arsenic  trioxid  at  intervals  of  two  and 
three  weeks  gained  less  In  weight  than  other  uninfested  cattle  kept 
under  the  same  conditions  undipped,  but  it  is  uncertain  whether  this 
difference  was  due  to  the  dipping.     (See  experiment  No.  22.) 

In  all  cases  in  which  cattle  were  dipped  or  sprayed  once  or  twice  in 
arsenical  dips  containing  an  equivalent  of  from  0.16  to  0.24  per  cent 
arsenic  trioxid  the  injurious  effects  observed  were  confined  to  the 
action  of  the  dips  upon  the  skin,  and  scarcely  ever  was  this  action 
more  than  very  mild,  though  in  some  cases  the  animals  were  treated 
in  hot  weather  when  the  injurious  effects  from  dipping  are  especially 
likely  to  appear.  The  signs  of  the  effects  of  dipping  on  the  skin  in 
various  instances  became  evident  in  from  3  to  9  days  after  the  treat- 
ment, at  whidi  time  a  more  or  less  well-marked  epidermal  exfoliation 
or  dandruff-like  peeling  of  the  superficial  layers  of  the  sldn  appeared, 
confined  as  a  rule  to  the  dewlap,  neck,  escutcheon,  inner  side  of 
thighs,  and  scrotum.  No  marked  inflammation  preceded  the  exfolia- 
tion, thou^  occasionally  a  slight  irritation  of  the  skin  in  places  wae 
observed. 

In  a  number  of  cases  the  skin  became  somewhat  thiclKned  on  cer- 
tain parts  of  the  body,  namely  on  the  escutcheon,  inner  side  of  the 
thighs,  dewlap,  and  neck.  Rarely  was  cracking  of  the  thickened  skin 
observed.  In  one  experiment  (No.  13)  in  which  cattle  were  sprayed 
once  with  an  arsenical  solution  containing  an  equivalent  of  about  0.17 
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per  cent  arsenic  trioxid  to  which  had  been  added  10  per  cent  crude 
petroleum  emulsiBed  with  soap,  rather  severe  skin  in  jiuy  was  observed 
in  the  case  of  soni6  of  the  animals,  consisting  in  exfoliation,  thicken- 
ing, and  crackii^  of  the  skin,  with  evident  soreness,  which  caused  the 
animals  to  become  stiff  and  lame.  These  effects  were  apparently 
largely  due  to  the  oil,  as  the  skin  of  cattle  sprayed  in  the  same  dip 
before  the  addition  of  the  crude  petroleum  showed  scarcely  any  signs 
of  injury  (experiment  No.  2).  In  the  case  of  a  few  animals  in  some 
of  the  experiments  a  slight  loss  of  hair  accompanied  the  exfoliation. 
Bulls  seemed  to  be  more  liable  to  skin  injury  than  cows  and  steeis. 
The  effects  of  a  second  dipping  so  far  as  observed  were  always  less 
than  those  of  the  first.  When  fresh  exfoliation  occurred  as  a  result 
of  a  second  dipping  given  within  two  weeks  after  the  first,  it  first 
became  noticeable  in  from  8  to  13  days  after  the  second  dipping. 

In  this  connection  it  should  be  noted  that  it  is  a  matter  of  common 
observation  and  shown  very  clearly  in  many  of  the  experiments 
detailed  in  this  paper,  that  there  is  a  great  difference  in  the  suscepti- 
bility of  individual  animals  to  the  effects  of  dips  applied  in  the  same 
way  and  under  similar  conditions.  The  skin  affections  produced  by 
a  dip  appear  also  to  depend  on  the  method  employed  in  applying  it. 
Watkins-Pitchford  '  has  found  that  an  arsenical  dip  which  is  satis- 
factory from  the  standpoint  of  its  effects  on  the  skin  when  used  as 
a  spray,  is  entirely  too  strong  when  used  as  a  dip. 

In  our  experiments,  cattle  dipped  ten  times  with  an  interval  of  one 
week  between  the  first  two  dippings  and  with  an  interval  of  two 
weeks  between  the  second  and  third  and  succeeding  dippings  and 
cattle  dipped  seven  times  at  intervals  of  three  weeks  showed  scarcely 
any  evidences  of  the  effects  of  the  dip  upon  the  skin  (experiment 
No.  22).  The  dip  used  in  this  experiment  originally  contained 
so^um  arsenite  equivalent  to  0.217  per  cent  arsenic  trioxid,  but  at 
some  time  between  three  weeks  and  three  months  after  the  first  dip- 
ping the  sodiimi  arsenite  had  become  largely  oxidized  to  sodium 
arsenate.  It  is  probable  ttiat  sodium  arsenate  is  less  active  on  the 
skin  than  sodium  arsenite,  hence  it  is  possible  that  if  a  freshly  made 
arsenical  dip  had  been  used  at  each  dipping,  the  repeated  applications 
might  have  had  more  effect  upon  the  cattle,  though  it  should  be 
noted  that  at  the  tenth  dipping  of  one  lot  of  cattle,  and  the  seventh 
dipping  of  the  other  lot,  a  freshjy  prepared  dip  containing  an  equivar 
lent  of  0.22  per  cent  arsenic  trioxid  was  used  without  producing  any 
noticeable  skin  injury. 

In  one  experiment  (No.  12,Iot  C)  in  which  a  dip,  containing  an  equiv- 
alent of  0.222  per  cent  arsenic  trioxid  with  some  soap,  was  used,  the 
effects  on  the  sldn,  though  not  serious,  were  somewhat  more  marked 
'  NaM  AgilcQlbinl  Jounul,  FlstermwlUbuig.Tal.U  (t),  igot,  pp.  m-ua;  vol.  la  («},  ino,  pp.  sn-«a. 
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than  those  usually  observed  following  the  use  of  a  simple  arsenic,  soda, 
and  pine-tar  dip,  containing  the  same  percentage  of  arsenic.  The 
effects  of  a  proprietary  dip,  which  contained  soap  and  other  ingre- 
dients of  minor  importance  in  addition  to  arsenic,  as  observed  in 
two  experiments  (Nos.  20  and  21),  were  apparently  somewhat  greater 
than  those  resulting  from  the  above-mentioned  dip  containing  soap 
or  the  ordinary  arsenic,  soda,  and  pine-tar  dip. 

The  following  conclusions  may  be  drawn  from  the  various  experi- 
ments as  to  the  effects  of  arsenical  dips  upon  cattle; 

Cattle  may  be  safely  dipped  or  sprayed  with  an  arsenical  dip  con- 
taining an  equivalent  of  0.24  per  cent  arsenic  trioxid  or  less,  and  the 
treatment  once  repeated  seven  or  more  days  later,*  the  only  injury 
to  be  expected  as  a  rule  being  more  or  less  epidenual  exfoHation, 
and  sometimes  slight  soreness  or  tenderness  of  the  skin,  local  in 
character. 

It  is  understood  in  stating  the  foregoing  condusions  that  accidents 
resulting  from  a  lack  of  proper  precautions  to  avoid  the  drinking  of 
the  dip  by  cattle  are  excluded  from  consideration,  and  it  should  also 
be  noted  that  cattle  are  liable  to  suffer  severely  after  dipping,  especi- 
ally in  hot  weather,  if  driven  long  distances,  or  even  if  allowed  to  run 
short  distances  so  that  they  become  overheated.  This  latter  fact  is 
stated  on  the  basis  of  observations  made  by  various  persons  who 
have  had  considerable  practical  experience  in  the  use  of  arsenical  dips. 
On  the  whole,  howevw,  in  view  of  the  hundreds  of  thousands  of  cattle 
on  farms  and  ranches  which  have  been  treated  with  arsenical  dips 
under  all  sorts  of  conditions,  the  number  of  cases  of  injury  reported  has 
been  remarkably  small. 

In  this  connection  it  is  of  interest  to  note  that  Watkins-Pitchford  * 
in  observations  made  in  South  Africa,  finds  that  dipping  work  oxen 
ev&ry  fifth  day  in  an  arsenical  dip  called  the  "Laboratory  Dip"  (con- 
taining as  its  essential  ingredients  S^  pounds  of  arsenite  of  soda,  80 
per  cent  arsenic,  to  400  gallons  (imperial)*  of  water)  does  not  interfere 
in  any  way  with  cattle  being  worked  regularly. 

EFTEOTS  OF  ABSENICAL  DIPS  OH  HOES. 

The  experiments  discussed  in  the  present  paper  have  fully  con- 
firmed the  observations  of  various  investigators  and  practical  users 
of  arsenioal  dips  who  have  found  that  ticks  are  very  sensitive  to 
arsenic.  Little  is  known,  however,  as  to  the  avenue  by  which  arsenic 
enters  the  body  of  ticks  when  arsenical  dips  are  used. 

■  It  muir  tcestDMDU  Kt  gtveil  the  bitcmja  bctwaan  tmtnunti  ahonld  not  bt  Im  than  two  inako. 
iLocdt. 

■  One  IniHrtBl  gallOQ  tqnali  appiDxlmatal;  1 J  U.  S.  gaUoot. 

10407°— BuU.  144—12 4 


igitized  by  Google 


50  AB8BMICAL  DIFS  FOB  CATTLB  TICKS. 

W.  F.  Cooper*  states  that  he  has  proved  "that  on  the  application 
of  an  arsenical  solution  to  the  skin  of  a  beast,  the  arsenic  penetrated 
the  skin  and  was  to  be  found  in  all  the  tissues  of  the  beast,  and 
further,  that  this  took  place  very  rapidly."  In  his  ezperimenta  & 
considerable  amount  of  arsenic  was  found  in  blood  taken  from  the 
heart  as  early  as  eighteen  hours  after  dipping.  Contrary  to  the 
results  obtained  by  Mr.  Cooper,  a  committee  ^pointed  by  ttxe  board 
of  health,  Natal,  South  Africa  (Agricultural  Journal  of  the  Cape  of 
Good  Hope,  toI.  37,  No.  6,  December,  1910,  p.  699),  has  found  that  no 
trace  of  arsenic  was  present  in  the  muscles,  liver,  kidneys,  or  stomach 
of  cattle  dipped  repeatedly  at  short  intervals  in  arsenical  solutions. 
With  regard  to  the  presence  of  arsenic  on  the  coat  and  in  the  skin  of 
ftiniTTiitIg  treated  regularly  with  an  arsenical  dip,  Watkins-Fitchford ' 
has  furnished  some  interesting  observations.  He  appears  to  have 
shown  by  analj^  of  samples  of  skin  a  foot  square  from  »niiniftlR  that 
have  been  dipped  or  sprayed  regularly,  that  there  is  an  accumulation 
of  arsenic  in  the  skin  up  to  a  certain  maximum  amount  which  is 
rather  constant  and  can  not  be  materially  raised  by  shortening  the 
interval  between  treatments.  He  beheves  that  there  is  not  merely 
a  mechanical  deposition  of  arsenic  in  the  skin,  but  that  the  amount 
is  controlled  by  vital  processes,  any  excess  of  arsenic  beyond  a  certain 
amount  being  rapidly  taken  up  by  the  blood  and  eliminated  in  the 
urine.  The  amount  of  arsenic  in  the  hur  and  sctirf  is  raised  by  spray- 
ing the  skin  immediately  after  death,  wliile  that  in  the  skin,  according 
to  the  Btat«aneat  of  the  author,  is  not,  but  the  evidence  presented  on 
this  last  point  is  not  complete.  It  was  also  found  that  the  amount 
of  arsenic  in  the  hair  and  scurf  of  a  square  foot  of  skin  was  always 
greats  than  that  in  the  skin  itself. 

The  same  author  has  shown  by  ezpoiments,  which,  however,  are 
rather  limited,  that  animals  that  have  been  treated  with  an  arsenical 
dip  are  poisonous  to  ticks;  that  this  toxicity  increases  with  the  number 
of  treatments,  and  that  in  regulariy  treated  animals,  it  is  less,  in 
accordance  with  the  length  of  the  period  elapsing  after  the  last  treat- 
ment. It  was  also  found  that  when  infested  animals  regularly  treated 
and  others  not  thus  treated  were  dipped,  the  ticks  on  ths  former  per- 
ished much  more  quickly  than  on  the  latt«r. 

That  ticks  are  not  killed  by  arsenic  present  in  the  blood,  the  author 
claims  to  have  shown  by  spraying  an  animal  aU  over,  except  on  a 
certain  area  where  ticks  had  been  placed,  when  the  ticks  remained 
unaffected.  On  the  other  hand,  the  poisonous  effects  do  not  appear 
to  be  due  to  a  simple  deposition  of  arsenic  on  the  skin,  because  when 
ticks  are  permitted  to  attach  to  an  area  of  skin,  in  a  r^ulariy  treated 
animal,  which  has  been  previously  shaved  and  washed  to  remove  any 
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anenic  on  the  surface,  they  nevertheless  succumb.  Some  intereetdng 
obserratiocfl  were  also  made  with  regard  to  the  persistence  of  araenic 
in  the  hair.  In  one  instance  arsenic  was  found  in  the  hair  6  months 
and  in  anothw  7  months  after  treatment.  A  case  is  referred  to  in 
which  3  inches  of  rainfall  did  not  lower  appreciably  the  amoimt  of 
aTBenio  in  tlie  coat. 

Although  Watkins-Fitchford's  observations  indicate  that  arsenic 
accumulates  in  the  skin  of  cattle  when  they  are  dipped  repeatedly, 
it  is  certain  that  the  action  of  arsenical  dips  is  not  entirely  dependent 
upon  the  araenic  which  ticks  may  obtain  from  the  skin  for  the  reason 
^at  ticks  removed  from  cattle  immediately  after  dipping  may  afte> 
wards  exhibit  evidences  of  having  been  acted  upon  by  the  dip.  Our 
alight  knowledge  of  the  mechanism  of  the  action  of  arsenic  upon  ticks, 
therefore,  allows  only  the  general  statement  that  when  arsenical  dips 
are  used  the  poison  enters  the  bodies  of  the  ticks  in  one  or  more  of 
the  following  four  ways,  namely,  (1)  through  the  mouth;  (2)  throu^ 
Hie  breathing  poree;  (3)  through  other  openings  of  the  body;  or  (4)  by 
absorption  through  the  cuticle.  As  a  corollary  to  this  statement  it 
may  be  added  that  the  poisonous  action  of  iheae  dips  upon  ticks  is 
certainly  not  entirely  dependent  upon  the  arsenic  which  may  be 
ingested  indirectly  from  the  skin  of  cattle  after  treatment,  but  is 
largely,  if  not  chiefly,  dependent  upon  that  absorbed  or  ingested 
directly  as  a  result  of  immersion  in  the  dipping  fluid. 


It  was  noted  in  the  various  experiments  that,  as  a  rule,  after  cattle 
had  been  treated  with  araenical  dips  the  number  of  female  ticks 
maturing  became  rapidly  less  day  by  day,  and  that  it  was  exceptional 
to  find  any  engotged  ticks  present  a  few  days  after  the  treatment. 
It  is  therefore  evident  that  after  treatment  with  an  arsenical  dip  the 
vast  majority  of  the  young  adult  females  die  before  the^  reach  the 
engorged  stage,  and  that  the  younger  they  are  the  lees  likely  are  they 
to  survive  and  become  engoif;ed. 

In  six  experiments  the  catUe  were  foimd  to  be  free  from  engoiged 
ticks  three  to  five  days  after  the  first  treatment,  in  four  other  experi- 
ment they  were  free  seven  to  nine  days  after  treatment,  in  another 
they  were  neariy  free  five  days  after  treatment,  in  another  experi> 
ment  aU  tjhat  were  examined  were  free  from  engorged  ticks  eight 
days  after  treatment,  and  in  two  other  experiments  the  cattle  were 
nearly  free  from  engorged  tdcks  eight  days  after  treatment.  An  idea 
of  the  marked  effect  of  treatment  upon  female  ticks  may  be  obtained 
from  the  obeervations  made  in  one  experiment  (No.  5)  in  which  a 
record  was  kept  of  the  number  of  ticks  which  reached  the  engorged 
stage  on  2  calves  after  dipping  in  an  arsenical  dip  containing  an  equiv- 
alrait  of  0.16  per  cent  arsenic  triozid.  This  dip  contained  consider- 
ably less  arsenic  than  the  dips  usually  employed.  A  third  calf  was 
kept  under  observation  undipped,  and  the  number  of  ticks  maturing 
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on  Hob  animal  from  day  to  day  was  recorded,  aa  in  the  case  of  the 
2  dipped  calvea.  On  one  of  the  dipped  calves  1,340  ticks  and  on  the 
other  1,907  ticks  reached  engorgement  during  the  first  week  after 
dipping.  From  the  undipped  calf  96S  engo^;ed  ticks  of  which  a  re- 
cord was  kept  were  collected  during  the  same  period.  Suhsequent 
to  the  fiist  seven  days  after  dipping  only  67  and  37  ticks,  respectively, 
reached  engorgement  on  the  dipped  animals,  whereas  more  than  a 
thousand  reached  full  maturity  on  the  untreated  calf. 

A  question  of  great  importance  is  that  of  the  fate  of  the  ticks  which 
reach  engorgement  and  fall  from  cattle  subsequent  to  treatment  with 
arsenical  dips.  In  order  to  obtain  data  bearing  upon  tiiis  question 
Migoiged  ticks  were  collected  from  the  cattle  in  the  various  experi- 
ments immediately  After  treatment  and  on  successive  days  thereafter, 
and  kept  under  observation.  Observations  were  likewise  made  upon 
ticks  removed  on  corresponding  dates  from  untreated  cattle.  Tbeee 
ticks  were  kept  under  the  same  conditions  as  those  from  the  treated 
cattle,  and  thus  served  as  "controls"  or  "checks"  upon  the  latter. 
Excluding  from  consideration  one  experiment  (No.  5  referred  to  in 
the  preceding  paragraph)  in  which  an  unusually  weak  arsenical  dip 
was  used,  about  70  lots  of  ticks  varying  in  niunber  from  1  to  100  each 
were  removed  from  treated  cattle  in  the  various  experiments.  A 
somewhat  smaller  number  of  lots  of  ticks  from  untreated  cattle  were 
kept  under  observation  as  controls,  as  in  several  casee  the  same  lot 
of  ticks  from  untreated  cattle  was  utilized  aa  a  control  for  several  lots  * 
from  treated  cattle.  Reviewing  the  observations  recorded  relative  to 
tiie  ticks  removed  from  cattle,  it  may  be  noted  that  whereas  in  many 
of  ihe  lots  from  treated  cattle  all  of  the  ticks  died  without  ovipositing, 
in  most  cases  some  of  the  ticks  deposited  eggs,  the  percentage  of  ticks 
ovipositing  usually  being  low  altiiou^  in  rare  instances  as  hl^  aa 
100  per  cent  (Tables  1  to  7,  column  4).  In  the  control  lots  the 
number  of  ticks  ovipositing  was  almost  always  100  per  cent  (Tables 
1  to  7,  column  8) . 

A  marked  difference  is  also  apparent  with  reference  to  the  nwnber 
of  eggs  deposited  by  licks  from  treated  and  from  untreated  cattle. 
Ticks  from  treated  cattle  which  survived  to  deposit  ^;gs  neariy  always 
deposited  a  much  smaller  number  than  ticks  from  untreated  cattle 
(Tables  1  to  7,  columns  5  and  9). 

Moreover,  not  only  were  the  eggs  deposited  by  ticks  from  treated 
cattle  less  numerous  but  they  rarely  hatched.  On  the  other  hand  in 
only  one  instance  among  the  control  lots  did  all  the  e^s  fail  to  hatch 
(Tables  1  to  7,  colunuos  6  and  10).  This  was  due  to  the  lack  of  proper 
moisture,  and  the  same  circumstance  explains  the  rather  low  per- 
centi^  of  e^a  which  hatched  in  several  other  control  lots.  In  great 
contrast  to  the  high  percentage  of  eggs  hatching  among  those  de- 
posited by  ticks  from  untreated  cattle,  is  the  fact  that  out  of  approxi- 
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matfily  70  lota  of  ticks  '  from  treated  cattle  only  4  lots  deposited  eggs 
which  hatched.  The  data  concerning  these  4  lota  of  ticks  are  as 
follows:  Three  ticks,  removed  from  cattle  immediately  after  spray- 
ing with  a  dip  containing  an  equivalent  of  0.217  per  cent  arsenic 
trioxid  but  in  which  the  sodium  atsenite  had  become  largely  oxidized 
to  sodium  arsenate,  deposited  eggs  of  which  5  per  cent  hatched 
(experiment  No.  12).  Twenty  out  of  48  ticks  removed  from  cattle 
two  days  after  dipping  in  a  dip  containing  on  equivalent  of  0.202  per 
cent  arsenic  trioxid  deposited  eggs  of  which  1  per  cent  hatched  (experi- 
ment No.  20),  and  in  the  same  experiment  10  out  of  22  ticks  removed 
three  days  after  dipping  deposited  eggs  of  which  less  than  1  per  cent 
hatched.  The  fourth  case  was  that  of  a  tick  removed  from  a  calf 
four  days  after  dipping  in  a  dip  containing  an  equivalent  of  0.215  per 
cent  arsenic  trioxid.  This  tick  deposited  numerous  eggs  about  half 
of  which  hatched  (experiment  No.  6).  Judging  from  these  reaulta  it 
would  appear  that  the  hatching  of  e^s  deposited  by  ticks  which 
survived  treatment  with  arsenical  dips  ia  a  rather  rare  occurrence. 
Furthermore,  it  has  been  noted  that  the  larvse  from  eggs  deposited 
by  females  which  have  been  subjected  to  arsenical  solutions  are  fre- 
quently in  such  a  weakened  condition  that  they  can  not  emerge  from 
l^e  eggshell,  or  they  may  become  lodged  in  the  opening  of  the  rup- 
tured shell  and  fail  to  extricate  themaelvea,  or  show  such  slowness 
of  movements  after  emerging  as  to  make  one  believe  that  they  could 
not  effect  a  successful  attachment  after  reaching  a  boat,  a  condition 
of  the  larvse  which  has  also  been  noticed  in  the  case  of  eggs  sub- 
jected to  unfavorable  conditions,  such  as  a  low  relative  humidity  and 
low  temperatures. 

The  data  relative  to  the  ticks  removed  from  cattle  after  treatment 
and  their  corresponding  controls  from  imtreated  cattle  given  in  the 
account  of  the  varioxis  experiments  are  summarized  in  Tables  1  to  7. 

In  part  A  of  each  table  are  given  tBe  data  relative  to  ticks  from 
treated  cattle,  and  in  part  B  the  data  relative  to  ticks  from  untreated 
cattle,  these  being  removed  bora  their  host  on  corresponding  dates 
and  kept  under  the  same  conditions  as  those  from  the  treated  cattle. 
The  data  for  each  lot  and  its  corresponding  control  are  given  in  the 
same  horizontal  line. 

Column  1.  The  figures  given  in  this  column  refer  to  the  number  of 
the  experiment  to  which  each  lot  of  ticks  belonged. 

Column  2.  In  this  column  is  given  the  percentage  of  arsenic, 
expreesed  in  terms  of  arsenic  trioxid,  which  was  contained  in  the  dip 
used  in  treating  the  cattle  from  which  the  ticks  were  r^noved. 

I  Thb  bwhidn  lO  of  tlM  dlSEnDt  loll  of  Ucta  odlMitod  bom  Uii  tnatsd  oMUa  in  tha  Tuimii  e^^ 
Willi  Ow  czogptlon  of  axpntmant  No.  B,  whkh  1b  omlttod  Intn  MiMidentlai  on  Mootmt  of  tti*  tat  Swt  tba 
dtpondeg      ■     ■ 
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Column  3.  In  this  column  b  given  the  number  of  ticks  includ«d  in 
each  lot  removed  for  observation. 

Column  4.  Ilie  percentage  of  ticks  in  each  lot  which  Burvived  to 
deposit  eg£s  is  given  in  this  column. 

Column  5.  In  this  column  is  given  the  average  number  of  eggs 
deposited  by  each  tick  which  survived  to  deposit  e^s.  This  number 
was  determined  either  by  counting  or  by  weighing  the  eggs  and  by 
calculation  from  the  weight  upon  the  asstmiption  that  one  egg  av«v 
ages  0.04  milligram  in  weight. 

Column  6.  In  this  column  is  given  for  each  lot  the  percentage  of 
eg^  hatching. 

Columns  7,  8,  9,  10.  Tlie  data  in  these  columns  refer  to  ticks  from 
untreated  cattle  and  correspond  to  the  data  given  in  columns  3,  4,  5, 
and  6,  respectively. 

Tablk  l.—RetuUi  viHh  engorged  tictt  coUeeUd  a/ew  hota-t  aftef  trttUmmt. 
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BFFEOTS  OP  ABSBNICAL  DIPS  ON  TICKS. 
Tabli  2. — Reailti  mlh  engoryed  tkki  eoUtettd  one  day  after  treatment. 
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Table  A.—Engorgeitiek* toReeUd thrte ttagi ofUr trtatmml. 
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Table  b.~Bngorged  txchcoUectedfovT  day*  after  trtatment. 
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days  after  treatment. 
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EFFECTS  OF  ABSENICAL  DIPS   ON   TICK8. 
Tablk  7. — Engorged  (tcib  colUcttd  nr  diqw  qfter  Irtatmtnt. 
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The  effects  obtained  when  engoi^d  ticks  are  taken  from  untreated 
cattle  and  immersed  in  arsenical  dips  for  a  couple  of  minutes  are 
very  much  the  same  as  those  observed  when  the  ticks  are  removed 
from  cattle  after  treatment.  (See  Table  8.)  Sixteen  lots,  containing 
from  15  to  123  ticks  each,  were  thus  treated.  In  5  of  the  lots  none 
of  the  ticks  oviposited,  in  the  remiunder  3  to  100  per  cent  deposited 
egga.  In  each  of  the  control  lots,  composed  of  4  to  105  ticL^  each, 
95  to  100  per  cent  of  the  ticks  oviposited.  The  number  of  eggs 
deposited  by  each  treated  tick  which  survived  to  oviposit  averaged 
much  less  than  in  the  case  of  the  untreated  ticks.  In  the  case  of 
only  two  lots  of  treated  ticks  did  any  of  the  eggs  hatch.  These  two 
lots  were  treated  with  a  neutral  and  alkaline  solution,  respectively, 
of  sodium  arsenate  equivalent  to  0.22  per  cent  arsenic  thoxid,  and 
only  1  and  2  per  cent,  respectively,  of  the  eggs  hatched.  In  the  con- 
trol lot  99  per  cent  of  the  e^^  hatched.  In  view  of  the  close  corre- 
spondence between  the  results  of  the  experiments  in  which  eogoiged 
ticks  were  kept  under  observation  after  their  removal  from  treated 
cattle  and  those  in  which  engoi^ed  ticks  were  removed  from  untreated 
cattle  and  kept  under  observation  after  immersion  for  a  short  time 
in  arsenical  dips,  it  is  evident  that  experiments  of  the  latter  kind  are 
useful  in  that  they  furnish  an  indication  of  the  efficacy  of  arsenical 
dips  so  far  as  engoiged  or  nearly  engoi^d  ticks  are  concerned. 

The  arrangement  of  Table  8  is  similar  to  that  of  Tables  1  to  7, 
the  data  relative  to  the  dipped  ticks  being  given  in  part  A  and  the 
data  relative  to  the  undipped  ticks  in  part  B.  The  various  columns 
in  the  table  are  likewise  of  similar  significance. 
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Tabu  S.^RatM*  vyith  engorged  lieke  dipped  in  (A«  laboratory. 


A-DtppsdUofa. 

B 

ODdlpp*!  Ucb  (ODlIDll}. 

i 

3 

* 

4 

B 

6 

' 

B 

« 

10 

Experl- 

Pnomtot 

Nmn- 

Pvomt 

NolDbu 

Far  not 

bMbtat 

Nom- 

Per      t 

tuicb^ 

Ho. 

an,. 

UckB. 

"isr 

X-s. 

ticki. 

-sr'" 

^iffi. 

^ 

o.m 

m 

713 

„ 

7 

SIS 

I   K 

100 

!■« 

n 

.      « 

100 

(0 

4) 

!!, 

23 

p„" 

.       33 

OS 

CT) 

K 

"■"•s 

It 

47a 

« 

0 

•5 

«8 

U 

1    : 

.% 

Ki 

I 

» 

100 

{') 

M 

19 

1    • 

23 

a 

0 

1    == 

100 

(f) 

' 

•  Sodium  (iMnkte  (iiMilial).  '  Sodlmn  lulpluuieiilta. 

No  more  is  known  as  to  the  exact  way  in  which  the  poisonous 
action  of  arsenic  takes  effect  upon  the  egga  of  ticks  than  is  known 
as  to  the  way  in  which  it  takes  effect  upon  the  ticks  themselves. 
The  fact  that  the  eggs  hare  been  injured  becomes  apparent  soon  after 
deposition,  sometimes  immediately.  Those  which  have  been  injuri- 
ously affected  are  then  readily  distinguished  by  their  dark  color  and 
shriveled  condition.  The  two  series  of  photographs  given  in  Flatee 
I  to  YI,  in  which  the  appearance  of  treated  uid  untreated  ticks  may 
be  compared,  show  very  strikingly  some  of  the  effects  of  arsenical 
dips  upon  ticks  and  their  eggs. 

Summing  up  the  numerous  observations  which  have  been  made 
as  to  the  affects  of  arsenical  dips  upon  engoi^ed,  partially  engoiged, 
and  young  female  ticks,  it  will  be  noted  (1 )  that  cattle  were  generally 
free  hvm  engorged  ticks  within  a  week  after  treatment;  (2)  that  of  the 
ticks  which  were  present  in  the  engorged  stage  at  the  time  of  treatment 
or  which  subsequently  reached  the  engorged  stage,  only  a  few,  as  a  rule, 
deposited  eggs;  (3)  that  the  number  of  e^a  deposited  weis  much 
less  than  normal;  and  (4)  that  veiy  few  of  the  ^gs  hatched. 

KALE  TTCXB. 

Yeiy  few  male  ticks  were  found  alive  on  cattle  later  than  a  day  or 
two  after  treatment,  and  it  is  probable  that  most  of  these  were  ticks 
which  were  in  the  nymphal  stage  at  the  time  of  treatment.  It  may 
tiierefore  be  concluded  that  arsenical  dips  are  hi^ily  cfficaciouB  so 
far  as  the  destruction  of  male  ticks  is  concerned. 
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It  waa  found  in  the  experiments  with  araenical  dips  that  the  vast 
majority  of  nymphs  were  killed  by  a  single  treatment.  In  several 
experiments,  however,  some  of  the  nymphs  survived  and  afterwards 
molted.  Supplementing  the  observations  made  on  nymphs  in  situ 
on  cattle  after  treatment,  obeervationa  were  made  on  nymphs  removed 
from  their  hosts  subsequent  to  treatment  after  the  lapse  of  varying 
periods  of  time.  (See  Table  9.)  These  obaervatioos  showed  that 
in  the  case  of  12  lots  none  of  the  nymphs  molted;  and  that  in  the 
case  of  foiir  lots  8  to  60  per  cent  molted.  Nymphs  removed  from 
untreated  cattle  and  kept  under  the  same  conditions,  as  controls, 
usually  molted,  10  to  100  per  cent  in  nine  Iota,  only  one  lot  being 
collected  in  which  all  the  nymphs  failed  to  molt. 

In  Table  9  are  given  data,  sununarized  from  the  various  experi- 
ments, relative  to  the  molting  of  nymphs  removed  ftY)m  cattle  after 
vaiyiog  periods  of  time  subsequent  to  treatment,  as  compared  with 
the  molting  of  nympha  removed  on  corresponding  dates  from  untreated 
cattle. 

Part  A  refers  to  nymphs  from  treated  cattle,  and  part  B  to  nymphs 
from  untreated  cattle  removed  on  corresponding  dates  and  kept 
under  dmilar  conditions. 

Column  1.  In  this  column  ia  given  the  number  of  the  experiment 
to  which  each  lot  of  nymphs  belonged. 

Column  2.  In  this  column  is  given  the  percentage  of  arsenic, 
expressed  in  terms  of  arsenic  trioxid,  which  was  contained  in  the 
dip  used  in  treating  the  cattle  from  which  the  ttcka  were  removed. 

Column  3.  The  figures  in  this  column  refer  to  the  number  of  days 
which  elapsed  from  the  time  the  cattle  were  treated  until  the  nymphs 
were  removed. 

Column  4.  In  this  column  is  given  the  number  of  nymphs  included 
in  each  lot  removed  for  observation. 

Column  5.  The  percentage  of  nymphs  which  molted  subsequent 
to  removal  from  their  host  is  given  in  this  column. 

Column  6.  In  this  column  ia  given  the  number  of  nymphs  in  each 
lot  removed  from  untreated  cattle. 

Column  7.  The  percentage  of  nymphs  which  molted  subsequent 
to  their  removal  from  untreated  cattle  ia  given  in  this  column. 
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Table  9.^RuutU  mith  nympft*  mlUeUdfmm  dipptd  and  undipped  tattU. 
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No  instance  was  observed  in  any  of  the  experiments  of  the  survival 
of  ticks  in  the  larval  st^e  aft«r  &  single  treatment  with  an  arsenical 
dip.  While  the  possibihty  of  such  an  occurrence  must  be  admitted, 
it  seems  certain  that  the  survival  of  larvffi  after  treatment  with  an 
arsenical  dip  of  proper  strei^h  would  be  very  exceptional,  and  for 
practical  purposes  it  seems  safe  to  assume,  until  evidence  can  be 
obtained  to  the  contrary,  that  arsenical  dips  are  entirely  efRcacious 
80  far  as  concerns  ticks  in  the  larval  stage. 

THX  PBOTEOnVB  ACTION  OP  ASSBNIOAL  DIPS. 

Little  evidence  has  been  obtained  as  to  the  degree  of  protection 
against  reinfestation  afforded  by  arsenical  dips  or  as  to  the  length  of 
time  after  treatment  that  such  protective  action  continues.  It  seems, 
however,  that  cattle  are  protected  from  reinfestation,  at  least  to  some 
extent,  during  several  days  after  treatment.  The  results  obtained  by 
Watkins-Fitchford  with  regard  to  the  accumulation  of  arsenic  in  the 
skin  and  the  toxicity  of  r^ularly  treated  animals,  already  referred  to, 
would  seem  to  show  that  an  arsenical  dip  may  protect  cattle  consid- 
erably against  reinfestation.  Owing  to  the  uncertainty  as  to  this  point, 
however,  it  is  unsafe  to  place  any  reliance  upon  the  protective  action 
of  arsenical  dips,  and  it  should  be  assumed  that  treated  cattle  are 
liable  to  reinfestation  if  exposed  at  any  time  after  the  arsenical  solu- 
tion has  become  dry  upon  their  bodies. 
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FRACnOAI.  SiainFIOAKOB  OF  BB8ULT8  OF  B3CFBBIHBNT8  TITH 
ABSENICAI.  BIPS. 

In  considering  the  practical  application  of  the  results  of  the  experi- 
ments with  arsenical  dips,  it  should  first  of  all  be  noted  that  although 
arsenic  has  a  marked  effect  on  all  stages  of  the  tick,  none  of  the  arsen- 
ical dips  tested  has  proved  sufficiently  efficacious  to  insure  a  tick-free 
condition  of  cattle  by  means  of  a  single  application  of  the  dip.  As  we 
know  them  at  present,  therefore,  arsenical  dips  must  be  considered  as 
falling  short  of  the  ideal  of  perfect  efficacy. 

The  question  then  arises  whether  with  their  admitted  imperfectioua 
aiisenical  dips  may  be  used  with  advantage  in  the  eradication  of  ticks. 
This  question  may  be  unhesitatingly  answered  in  the  affirmative. 
Arsenical  dips  are  undoubtedly  of  very  great  value  in  tick  eradicar 
tion,  and  all  things  considered  no  better  dip  for  the  destruction  of 
^ks  has  yet  been  discovered.  This  has  been  demonstrated  not  only 
by  experimental  work,  but  also  by  the  results  obtained  from  an  exten- 
sive practical  use  of  arsenical  dips  by  many  owners  of  live  stock  in 
Texas,  Oklahoma,  and  California. 

The  practical  appUcation  of  the  results  of  the  experiments  with 
arsenical  dips  may  be  considered  under  the  following  heads :  (1)  Com- 
position of  the  dip;  (2)  method  of  application;  (3)  number  and  fre- 
quency of  apphcations;  (4)  handling  the  cattle. 

COMPOSITION  OF  THE  DIP. 

The  invest'gations  thus  far  carried  out  have  not  been  extensive 
enoi^h  to  enable  a  definite  statement  to  be  made  as  to  the  minimum 
percentage  of  arsenic  required  to  give  an  arsenical  dip  a  sufficiently 
high  d^ree  of  efficacy  to  make  it  of  practical  value.  Moreover,  it  is 
probable  that  a  stronger  dip  wiU  be  necessary  to  obtain  satisfactory 
results  under  some  conditions  than  under  others,  and  it  is  probable 
also  that  in  many  cases  a  rather  weak  dip  may  be  used  to  advantage 
when  a  stronger  dip  would  be  undesirable  on  account  of  possible  inju- 
rious effects  on  cattle,  as,  for  example,  in  the  case  of  repeated  treat- 
ments during  very  hot  weather. 

The  experiments  indicate  that  dips  containing  as  high  as  0,24  per 
cent  arsenic  (reckoned  as  arsenic  trixoid)  may  be  used  without  unduly 
injuring  cattle.  It  has  been  assumed  that  this  is  the  maximum 
strength  at  which  dips  containing  arsenic  in  the  form  of  sodium  arse- 
nite  or  potassium  arsenite  may  be  used  without  too  great  risk  of  injury. 
In  view  of  the  fact  that  in  one  experiment  (No.  5)  an  arsenical  dip  con- 
taining somewhat  less  than  an  equivalent  of  0.2  per  cent  proved  lesa 
efficacious  than  dips  in  other  experiments  which  contained  an  equiv- 
alent of  approximately  0.2  per  cent  or  more  of  arsenic  trioxid,  0.2  per 
cent  was  selected  as  an  arbitrary  minimum  limit.    The  mean  between 
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the  miniinum  and  maximum  limits,  or  0.22  per  cent,  may  therefore 
be  tftken  as  an  arbitrary  standard,  and  a  dip  to  have  the  itinTrimum 
degree  of  efficacy,  so  far  as  this  may  be  attained  without  great  risk 
of  injury  to  cattle,  should  not  deviate  more  than  very  slightly  above 
or  below  this  standard  of  0.22  per  cent. 

The  arsenical  dips  commonly  used  and  with  special  reference  to 
which  most  of  the  experimental  work  has  been  done  are  based  on  a 
modification  of  Dr.  Mayo's  formula  given  in  the  introduction  of  the 
present  article.  Directions  for  preparing  such  a  dip  bo  that  it  will 
conform  to  the  standard  which  has  been  selected  are  as  follows: 

In  preparing  euh  600  gallmn  of  the  standard  anenical  Mlntian  tbwe  shall  be  uaed 
10  pounds  of  finely  powdered  white  usenic  containing  not  less  than  09  per  cent  of 
anenic  triozid,  25  pounds  of  sal  soda,  and  1  gallon  of  pine  tar.  The  anenic  and  sal 
eoda  shall  be  boiled  together  in  not  lem  than  25  gallons  of  water  for  fifteem  minutes,  w 
longer  if  necessary  to  effect  complete  solution  of  the  arsenic.  Before  the  pine  tar  is 
added,  the  temperature  of  the  solution  shall  be  reduced  to  140°  F.  This  may  be  done 
by  the  addition  of  cold  water.  The  pine  tar  shall  then  be  added  in  a  small  stream 
whUe  the  solution  is  thoroughly  stirred,  after  which  the  solution  shall  be  immedistdy 
diluted  with  clear  water  sufficient  to  make  600  gallons  of  dip. 

The  cooling  of  the  arsenic  and  sal  soda  solution  before  the  addition 
of  the  pine  tar  is  important,  as  otherwise  an  imperfect  mixture  having 
a  curdled  appearance  ia  hkely  to  result. 

It  has  already  been  noted  that  the  quantity  of  sal  soda  uaed  in  the 
above  formula  ia  in  excess  of  the  amount  actually  needed  to  combine 
with  all  the  arsenic,  but  until  it  can  be  shown  that  the  efficacy  of  the 
dip  in  no  way  depends  upon  the  presence  of  this  excess  of  soda,  the 
proportionate  amount  of  sal  soda  should  not  be  reduced. 

In  cases  wherein  it  is  considered  expedient  to  use  a  weaker  dip  ^e 
amount  of  arsenic  may  be  reduced  to  8  pounds  per  500  gallons  of 
dip,  but  for  all  official  dippii^  the  standard  amount  of  10  pounds 
to  500  gallons  is  required. 

METHOD  OF  APPLICATION. 

There  are  two  practicable  methods  of  applying  arsenical  dips, 
namely,  by  spraying  and  by  dipping. 

Spraying  is  not  practicable  except  in  the  case  of  very  small  herds, 
unless  a  spraying  machine  is  used.  Spraying  machines,  however, 
have  proved  less  satisfactory  than  dipping  vats,  and  it  is  therefore 
preferable  to  use  a  dipping  vat  whenever  more  cattle  are  to  be  treated 
than  it  is  practicable  to  treat  by  means  of  hand  spray  pimips.  Eland 
spraying  is  not  only  more  tedious  than  dipping,  but  it  is  also  less 
efficacious,  as  there  is  not  the  same  certainty  of  getting  a  thorough 
application  of  the  dip  even  when  the  greatest  care  is  used.  Conse- 
quently the  dipping  vat  ia  much  more  reliable  than  the  spray  pun^. 
It  is  fdso  more  economical  whenever  more  than  a  veiy  few  ftnimida 
are  to  be  treated. 
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A  dipping  Tat  for  cattle  should  be  large  enough  to  afford  a  bath 
at  least  5}  feet  in  depth,  and  tmless  the  cattle  when  dipped  are  held 
in  the  bath,  the  vat  should  measure  at  least  40  feet  in  length  at  the , 
surface  of  the  dip.  If  a  shorter  vat  is  used  the  cattle  should  be 
held  in  the  bath  at  least  15  seconds — half  a  minute  would  be  better — 
otherwise  they  are  liable  to  get  through  the  bath  without  being 
thoroughly  wet  to  the  akin,  particularly  if  the  hair  is  long.  A  steep 
slide  at  the  entrance  of  the  vat  is  desirable  in  order  to  insure  a  plimge 
which  will  carry  the  cattle  entirely  under  the  surface  of  the  bath.* 

NUMBBB  AND  FBBQUENOT   OF  APPUOATIOKS. 

From  the  data  obtained  in  the  experimental  work  it  appears  that 
one  treatment  with  an  arsenical  dip  is  insufficient  to  free  cattle  from 
ticks.  Subsequent  to  dipping,  ticks  continue  to  reach  engoi^e- 
ment  and  fall  from  the  cattle  for  several  days  and  a  few  nymphs  are 
liable  to  surriTe,  molt,  and  possibly  continue  their  development  to 
the  engorged  stage.  On  the  other  hand,  no  instance  has  been 
recorded  in  which  a  tick  surrived  and  reached  fertile  maturity  after 
two  thorough  applicatons  of  an  arsenical  dip  given  7  to  10  days 
apart,  and  no  larvie  have  been  observed  that  have  survived  a  single 
treatment.  The  results  of  tlje  experiments  thwefore  show  that  cattle 
may  be  freed  from  ticks  by  two  treatments  with  an  arsenical  dip. 

Although  the  possibility  of  ticks  surviving  two  treatments  and 
maintaining  the  abihty  to  reproduce  is  always  present,  the  experi- 
mental work  shows  that  such  an  occurrence  must  be  very  rare,  pro- 
vided the  treatments  are  thorough,  and  it  is  therefore  proper  to 
assume,  as  a  working  basis,  that  two  treatments  are  entirely  effica- 
cious. Accordingly  it  may  be  stated  as  a  tentative  conclusion  that 
after  two  thorough  treatments  cattle  may  be  placed  on  uninfested 
ground  with  practically  no  danger  of  carrying  with  them  any  ticks 
capable  of  perpetuati^  the  species.  In  practice,  therefore,  when 
cattle  are  to  be  treated  for  the  purpose  of  ridding  them  of  ticks  so 
that  they  may  he  put  in  uninfested  pastures  or  other  tick-free  places, 
they  should  be  dipped  twice  with  an  interval  of  7  to  10  days  between 
dippings,  using  a  full-strength  arsenical  dip. 

When  cattle  are  to  continue  occupying  the  same  pasture  or  range 
the  question  of  the  number  and  frequency  of  treatments  is  somewhat 
different.  In  this  case  the  rule  would  be  to  give  repeated  treatments 
at  intervals  of  not  over  three  weeks.  Usually  more  than  three  weeks 
and  rarely  lees  ihaji  this  time  is  required  for  larval  ticks  after  reach- 
ii^  a  host  to  complete  their  development  to  the  engorged  st^e. 
Hence  if  cattle  were  treated  every  tiiree  weeks  practically  all  of  tlie 
ticks  which  th^  picked  up  in  the  meantime  would  be  subjected  to 
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tre&tment.  Scarcely  any  would  escape  and  deposit  e^s,  and  when 
it  is  considered  that  the  average  number  of  eggs  deposited  hj  each 
tick  surviving  treatment  would  be  less  than  normal,  and  that  only 
a  small  proportion  would  hatch,  it  is  evident  that  the  amount  of 
infestation  of  cattle  and  pastures  would  greatly  and  rapidly  diminish. 
Practical  experience  has  demonstrated  that  complete  eradication 
may  be  accomplished  in  this  way,  the  probable  explanation  being 
that  even  if  ticks  occasionally  survive  dipping  the  number  is  reduced 
below  the  minimum  necessary  to  insure  the  Burvival  of  the  species. 
In  other  words,  in  those  localities  where  ticks  are  established,  their 
fecundity  is  sufficient  for  the  perpetuation  of  the  species  under 
ordinary  conditions,  but  if  the  vast  majority  of  individuals  that  find 
a  host  are  destroyed,  a  point  is  soon  reached  in  the  numerical  reduc- 
tion below  which  it  is  impossible  for  the  species  to  maintain  itself. 
No  set  rule  can  be  formulated  at  present  as  to  the  number  of  times 
it  will  be  necessary  to  repeat  the  treatment  with  the  arsenical  dip 
to  bring  about  eradication,  but  a  general  rule  would  be  to  continue 
the  treatment  until  the  ticks  had  apparently  disappeared,  then  dis- 
continue it,  and  if  at  any  time  ticks  are  again  obsco^ed,  resume  the 
treatment,  keeping  always  on  the  lookout  for  signs  of  ticks,  just  as 
a  physician,  in  the  case  of  diseases  liable  to  reappear  when  appa- 
rently cured,  watches  for  symptoms  indicating  a  recurrence  of  the 
malady. 

HAXDLINO   THE    OAITLE. 

Cattle  should  not  be  treated  with  arsenical  dips  when  tired  or 
thirsty,  and  after  treatment  should  not  be  allowed  to  drain  in  places 
where  the  drippings  from  their  bodies  will  form  pools  which  they 
may  drink,  or  where  grass  or  fodder  will  become  soaked  with  the 
dip.  For  a  week  or  so  after  treatment,  especially  in  hot  weather, 
cattle  should  not  be  driven  hard  or  allowed  to  run  or  become  over- 
heated. After  treatment  cattle  may,  however,  be  safely  shipped  by 
rail,  even  though  they  are  loaded  as  soon  as  their  bodies  become  dry. 

When  cattle  are  to  be  freed  from  ticks  by  two  treatments  a  special 
arrangement  of  the  dipping  plant  and  yards  for  handling  the  cattle 
is  necessary,  so  that  after  the  second  dipping  they  will  not  be  exposed 
to  reinfestation.  Certain  yards  and  the  alleyways  leading  to  them 
from  the  draining  pen  must  be  reserved  exclusively  for  cattle  which 
have  been  twice  dipped.  These  yards  and  alleyways  must  be  free 
from  infection  and  must  not  be  used  for  any  cattle  except  those 
which  have  been  twice  dipped  or  are  known  to  be  free  from  ticks. 
For  several  days  after  the  first  dipping  cattle  are  likely  still  to  harbor 
ticks  able  to  reproduce,  hence  it  is  imsafe  to  place  them  in  yards  or 
pastures  which  it  is  desirable  to  keep  free  from  infection,  and  as  the 
second  dipping  will  destroy  any  larvta  which  they  may  pick  up  in  the 
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meantime,  cattle  should  be  kept  between  dippings  in  places  wliich  are 
either  definitely  known  to  be  infested,  or  which  it  is  not  desired  to 
be  kept  free  from  ticks.  After  the  second  dipping,  however,  cattle 
must  be  guarded  from  exposure  to  infection,  hence  from  the  time 
they  leave  the  draining  pens  they  must  not  pass  over  or  occupy  any 
places  infested  with  ticl^.  In  order  thus  to  handle  cattle  either  two 
dipping  vats  will  be  required,  or,  if  the  same  vat  Is  used  for  both 
dippings,  some  arrangement  must  be  made  whereby  cattle  may  be 
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brought  from  the  draining  pens  to  their  respective  yards  after  the 
first  and  second  dippings  by  entirely  distinct  routes.  This  may  be 
readily  done  when  a  single  draining  pen  is  used  if  the  two  alleyways 
for  once-dipped  and  twice-dipped  cattle,  respectively,  lead  away  in 
different  directions  from  the  draining  pen.  If,  however,  the  comznon 
type  of  double  draining  pen  is  used  it  will  be  necessaiy  to  add  a 
third  section  (as  shown  in  the  plan)  in  order  that  separate  routes  for 
once-dipped  and  twice-dipped  cattle  may  be  provided  for. 
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DITBODTranOlT. 

In  Bulletin  119  of  the  Bureau  of  Anim&l  Industty  there  was  de- 
scribed, under  the  name  of  Trypanosoma  americanum,  a  flagellated 
oif;amsm  which  appeared  in  bouillon  cultures  of  the  blood  of  American 
cattle.  At  the  time  of  writing,  although  but  7  cows  had  been  tested, 
tiypanoBomes  had  appeared  in  the  blood  cultures  of  all  of  them,  thus 
indicating  that  a  large  proportion  of  cattle  are  infected. 

The  study  therein  described  had  been  made  primarily  on  stained 
smears,  and  based  on  what  was  observed  in  these  it  was  stated  that 
the  earliest  stage  noted  was  a  round  or  ova)  body,  occurring  in  clusters, 
and,  while  it  showed  a  Idnetonucleus,  it  lacked  a  flagellum.  This  last 
observation  is  incorrect,  the  mistake  being  due  to  the  fact  that  in  theee 
early  stages  the  flagellum  fails  to  stain.  A  more  eztmded  study, 
based  partly  on  freeh  material,  has  shown  that  the  organisms  in  the 
culture  tubes  are  always  flagellated.  It  is  desired  to  emphasize  the 
fact  that  this  observational  error  was  made,  since  the  precise  nature 
of  the  earhest  oi^anism  to  appear  in  the  culture  tubes  is  a  matter  of 
some  moment,  bearing  as  it  does  on  the  problem  of  what  is  the  nature 
of  the  element  present  in  the  circulating  blood  of  the  cow.  It  may 
also  be  stated  here  at  the  outset  that  the  results  of  this  more  extended 
study  show  that  this  latter  undoubtedly  is  a  tiypanosome  like  that 
present  in  the  culture  tubes,  because  trypanosomes  have  been  found 
in  the  blood  itself  within  a  few  hours  after  its  removal  from  the  cow, 

SkSJntt  OF  UTKBATUKK. 

There  is  a  very  considerable  literature  on  the  ttypanosomes  of 
cattle,  and  a  number  of  species  have  been  described  as  occurring  in 
them.  It  will  not  be  necessaiy  here,  however,  to  do  more  than  con- 
sider that  which  bears  directly  on  the  problem  in  hand,  that  is,  which 
treats  of  tTypanoBomes  presumably  similar  to  Trypanosoma  am,eri- 
canum.^  Some  of  this  literature  was  reviewed  in  Bulletin  119,  but 
one  paper  which  should  have  been  noted  was  overlooked,  and  several 
have  since  come  to  hand.     It  may,  however,  be  advisable  again  to 
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refer  to  Ifijajima's  vtufc,  sinoe  this  is  the  point  of  d^nrtnre  of  «D  tha 
studies  on  this  peculiar  trypautaomB. 

The  organism  found  by  Ifijajima  in  cultures  made  from  the  blood 
of  Japanese  cattle  is  apparently  the  same  as  that  found  in  the  United 
States.  Unfortunately  ACyajima  does  not  give  a  detailed  description 
of  his  parasite,  and  his  figures  are  not  particularly  clear.  They  show, 
however,  that  he  was  dealing  with  a  trypanosome  poasesdng  only  a 
very  short  undulating  membrane,  and  his  figure  10,  of  a  division 
form,  E^ows  two  granules  lying  at  the  same  level  and  in  the  anterior 
part  of  the  body.  From  this  it  may  be  concluded  that  the  Japanese 
form  has  the  characteristic  of  a  kinetonucleus  lying  very  close  to  the 
trophonucleus.  Further,  the  length,  given  as  five  times  the  diameter 
of  a  red  blood  cell,  or  say  30  microns,  ia  in  general  agreement  with 
what  is  found  here. 

Martini  (1909),  working  at  Manila,  repeated  Miyajima's  work,  and 
obtained  trypanosomes  in  bouillon  culture  tubes  inoculated  with  the 
blood  of  a  c^.  He  used  2  c.  c.  of  blood  to  10  c.  c.  of  bouillon.  In 
one  case  the  trypanosomes  appeared  in  33  hours.  As  a  rule,  however, 
the  period  was  from  43  to  48  hours.  The  tubes  wero  kept  at  a  tem- 
perature of  26  to  27°  C*  The  tiypanosomes,  while  in  general  about 
the  size  of  Trypano»oma  lewiai,  showed  great  variation  in  length. 
Some  were  only  one  and  one-half  to  three  timee  as  long  as  the  diameter 
of  a  red  blood  cell,  but  as  the  cultures  aged  they  became  longer,  and 
on  the  fifth  and  sixth  days  forma  were  present  20  to  26  times  the 
length  of  the  calf  s  red  blood  cell.'  The  smallest  forms  were  morpho- 
logically the  same  as  the  largest.  The  anterior  end  of  the  flagellum 
showed  a  little  club-shaped  swelling.  The  kinetonucleus  lay  trans- 
versely, the  trophoDucIeua  longitudinally,  and  the  former  was  gener- 
ally in  front  of  the  latter.  The  parasites  grew  indifFerently  in  acid 
or  alkaline  bouillon.  In  cultures  in  acid  media,  the  cytoplasm  con- 
tuned  chromatin  granules.  A  chronological  transition  waa  not 
observed,  and  rudimentaiy  forms  were  always  to  be  found  alongside 
of  those  fully  developed.    Attempts  to  inoculate  monkeys  failed. 

Commenting  on  the  above,  there  can  be  no  question  that  Martini 
was  dealing  with  the  same  trypanosome  aa  Miyajima,  which  is  also, 
in  all  probabiUty,  the  one  wMch  appears  in  cultures  made  from  the 
blood  of  American  cattle. 

Wrublewski  (1908)*  describes  a  trypanosome  found  in  the  blood 
of  the  Lithuanian  bison.     He  remarks  that  this  species  of  Bos  is  not  a 

1  CultURS  made  In  the  Zootaslcal  Labariitiiiy  of  tbe  Bureau  of  Anlmd  Indwby  on  JtiIj  13, 1909,  ahoiml 
trTpannomci  July  15,  tlM  mean  tcmpenCim  of  Uia  labontoi?  tar  Ihla  period  batnc  17.4*  C. 

■  It  l9  M  be  regretted  that  UarUnlliu  not  tuisbhed  ni  with  aottul  mntBurcmenli.  AooonUng  to  bli 
own  Bgiirea,  the  calf  eiyUuncTto  range  In  dlanuter  from  4  to  Cj  mlorona,  and  Ihli  would  make  the  laigot 
spedmeiu  lay  100  to  UO  inl:nm>  long,  cleariy  a  groM  azaggeratioa.  Hb  flgur*  13  ihows  an  animal  40  to 
V  mlcnnu  long:  that  of  Dgurc  14  la  peiiu^  SO,  and  theae  an  the  laigaat  whlob  ha  Ogona. 
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favorable  subject  for  ezpflrimentation  and  hence  Ms  material  con- 
sisted of  smean  taken  from  dead  individualfi.  The  tiTpanosomes  found 
ranged  in  length  from  30  to  50  microns.  The  posterior  end  is  elon- 
gated, but  terminates  bluntly.  In  some,  the  middle  portion  is  broad 
and  rounded  (compare  figs.  13  and  14,  this  bulletin).  In  this  broad  por- 
tion are  to  be  found  the  IdnettmucIeuB  and  the  trophonucleus,  the  for- 
mer in  front  of  the  latter.  The  root  of  the  fiagellum  is  broad  and  may 
show  a  knoblike  expansion.  The  free  end  of  the  flagellum  is  also 
knobbed.  Around  ^e  trophonucleus  are  masses  of  deeply  staining 
granules,  and  granules  may  also  be  found  scattered  throughout  the 
entire  body. 

In  some  cases  Wrublewski  obtained  blood  sufficiently  fresh  to 
show  living  tiypanosomes.  They  are  veiy  energetic,  and  in  hanging 
drops  dash  through  the  red  cells  with  extraordinary  velocity,  hurling 
these  to  one  side.  The  parasite  moves  with  the  flagellum  in  front. 
The  movement  is  rotatory. 

Vladimiroff  and  Yakimoff  (1908)  name  this  tiypanosome  TVypano- 
aoma  wrvHewaki. 

Of  the  several  bovine  trypanosomes  described  as  occurring  in  the 
circulating  blood,  this  comes  by  far  the  closest  to  T.  amaieamim. 
Wrublewski's  figures  3,  4,  and  5  would  answer  for  specimens  of  ih.6 
American  species.  The  most  noteworthy  distinction  is  in  the  mo- 
tility, T.  amerieanum  rarely  showing  a  rapid  translatory  movement. 
There  is  no  especial  reason  why  the  two  might  not  be  the  same,  the 
parasite  properly  belonging  to  the  bison  and  transferred  from  it  to 
domesticated  cattle  by  natural  means.  The  fact  that  the  parasite 
is  apparently  quite  abundant  in  the  circulating  blood  of  the  bison, 
and  veiy  scarce  in  that  of  ordinary  cattle,  is  no  argument  against 
their  identity.  Moreover,  the  sluggishness  of  T.  amerieanum  in  cul- 
ture tubes  is  no  criterion  as  to  how  it  may  behave  in  the  circulating 
blood,  regarding  which  there  is,  unfortunately,  no  information  at 
hand. 

Recent  studies  have  shown  toypanosomes  to  be  present  in  a  large 
proportion  of  cattle  in  Germany,  or  at  least  capable  of  appearing  in 
cultures  made  from  their  blood. 

Enuth  and  Rauchbaar  (19'10)  tested  1?  adult  cattie  and  2  calves, 
and  found  10  of  the  adults  to  be  parasitized.  Later,  out  of  a  lot  of  9 
cattie,  6  were  found  infected. 

Knuth,  Rauchbaar,  and  Morgenstem  (1910)  found  tiypanosomes 
in  culture  tubes  from  7  out  of  25  cattle.  They  note  the  presence  in 
the  tubes  of  developmental  forms  and  of  a^omerations. 

Behn  (1910  ^,  cultuiing  cattie  blood  in  the  same  manner,  fotmd 
flagellated  forms  on  the  second  day.  Furthermore,  in  smears  made 
from  cultures  1  to  2  days  old,  he  found  round  bodies,  in  many  cases 
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with  alTeolar  protop]asin,  which  st&ined  an  intense  hlue  with  Oiemsa. 
These  showed  one  or  more  l&rge,  round  nuclei,  variable  in  eize  uid 
stwning  red.  The  bodies  varied  in  aize,  the  laigeet  being  nearly  as 
large  as  a  leucocyte.  Some  were  free,  others  inclosed  in  white  blood 
cells.  Behn  appears  to  consider  that  the  intracellular  forms,  growing, 
break  open  the  leucocytes  and  escape.  He  bases  this  view  on  the 
fact  that  in  smears  from  cultures  2  days  old  the  bodiea  then  had 
attached  to  them  the  renmants  of  disint^rated  leucocytes.  He  pro- 
poses the  query  as  to  whether  he  is  dealing  with  a  case  of  pha;  kj- 
tosis  or  of  an  evolution  of  the  parasites  within  the  leucocytes,  and 
promises  a  more  detailed  study. 

No  bodies  such  as  the  above  have  been  seen  in  smears  made  from 
American  cattle,  and  it  is  perhaps  possible  that  Behn  was  dealing  with 
moribund  or  dead  leucocytes. 

The  same  author  (Behn,  1910  a)  refers  to  the  seven  animals  men- 
tioned by  Knuth,  Rauchbaar,  and  Morgenstem.  He  states  that 
whereas  the  cultures  from  these  were  always  positive  from  the  begin- 
ning of  August  until  the  end  of  September,  after  cool  weather  set  in 
they  no  longer  developed  trypahosomes.  One  of  these  cows  ffuled 
to  show  parasites  after  September  11.  But  in  a  smear  of  her  blood 
taken  August  S  there  was  found  a  single  trypanosome,  remarkable 
for  its  unusual  breadth. 

Behn  gives  the  following  measurements: 

Poeterior  end  to  middle  of  kinetonucleus 13 

Middle  of  kinetonucletu  to  posterior  end  of  trophonucleus 4 

Trophonucletu 2 

Anterior  end  ol  trophilnucleuB  to  anterior  end 24 

Length  of  body 43 

Length  of  free  flagellum 12 

Total  length 55 

Maximmn  width 12 

The  trypanosome  had  the  body  sharply  bent.  The  cytoplasm 
showed  clear  spaces  and  abundant  granules.  The  granules  were  al- 
most all  of  the  same  size  and  stained  reddish  to  a  blue-violet.  Around 
the  nucleus  the  cytoplasm  was  freer  from  granules  than  elsewhere. 
The  kinetonucleus  stained  a  black  violet,  and  lay  in  a  clear  region. 
The  nucleus  lay  transversely,  filling  the  entire  width  of  the  body. 
It  stained  pale  red. 

Continuing  his  studies  Behn  (1910  ;-)  inoculated  a  calf  with  blood 
from  a  cow  whose  blood  gave  positive  cultures,  but  was  negative  to 
direct  examination.  Eleven  days  later  the  blood  of  this  calf  was 
positive  to  direct  examination.  For  the  first  few  days  the  trypano- 
somes  seen  were  of  the  Trypanosoma  franki  type,  but  later  they  took 
on  the  appearance  of  T.  (heiteri.  Cultures  made  from  the  blood  of  this 
calf,  after  the  trypanosomes  had  appeared,  were  positive. 
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EJauth  (1910)  tested  by  the  cultural  method  the  blood  of  41  cattle, 
with  the  following  reaulte: 


Total 
Uaua. 

teTpmo. 

1 

Schmitt  (1910)  also  found  trypanoBomes  of  the  theUeri  type  in  a 
FomeranioD  cow  Buffering  from  Texas  fever.  These  were  found  in  the 
blood,  were  rare,  and  were  present  for  10  days. 

Sergent,  E.  and  E.,  (1911)  made  cultures  of  the  blood  of  82  cattle 
killed  at  the  abattoir  at  Algiers.  Tiypanosonies  were  obtained  nine 
times.  Division  forms  were  abundant,  and  subcultures  were  made. 
The  medium  used  was  bouillon. 

DelanoS  (1911),  at  Alfort,  made  cultures  of  cattle  blood,  using  3  c.  c. 
of  defibrinated  blood  in  10  c.  c.  of  bouillon.  Six  out  of  the  ten  ftnimRlti 
tested  gave  positive  results,  but  not  all  of  the  cultures  made  from 
parautized  animiLlg  were  positive,  indicating  the  great  rarity  of  the 
trypanosomes  in  the  blood.  The  elements  found  in  the  cultures  were 
crithidia-like,  averaged  50  microns  in  total  length,  and  the  free  tip  of 
the  flagella  was  broadened.  Chromatoid  granules  appeared  in  the 
cytoplasm  only  in  the  old  cultures.  In  a  subculture  in  Nicolle*s 
medium,  there  were  seen  very  small  forms  without  fiagella,  flagel- 
lated elements  35  microns  long,  and  trypanosomes  with  a  posterior 
kinetonucleus. 

Knuth  confirms  Behn  in  the  respect  that,  after  the  onset  of  cold 
weather,  animals  having  given  positive  results  cease  to  do  so.  He 
Bu^ests  that  this  may  be  due  either  to  the  disappearance  of  the 
insect  carriers  or  to  the  failure  of  the  trypanosomes  to  grow  in  the 
tubes  in  cold  weather.  Finally,  by  private  correspondence,  Knuth 
has  been  advised  that  blood  cultures  of  cattle  have  been  made  in  a 
number  of  laboratories  in  Germany,  Denmark,  and  Sweden,  with 
the  subsequent  finding  of  trypanosomes. 

Dudukalov  and  Dudukalova  (1910)  report  the  results  of  an  experi- 
mental study  on  the  trypanosome  of  the  cow.  The  culture  media 
used  were  (a)  bouillon;  (b)  equal  parts  of  bovine  blood  and  0.8  per 
cmt  NaCl  solution;*  (c)  agar.  Each  tube  was  inoculated  with  a 
few  drops  of  blood.  After  3  to  4  days  there  appeared  in  the  tubes 
round  forms  of  the  parasite,  about  the  size  of  leucocytes,  in  many 
cases  occurring  in  great  clusters.  On  the  sixth  to  seventh  days 
elongated  bodies  appeared  among  these  round  bodies,  and  on  the 
tenth  to  twelfth  day?  there  were  present  great  numbers  of  motile 

■  Tba  taxt  M^t  0.06  NaCI  •Matkni,  daabtlMi  a  pcliittr'i  (rw. 
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tiypaaosomee  proTided  with  long  flagella.  After  2  to  3  weeks  the 
tiypaaosomes  were  present  in  enormous  numbers  and  were  of 
Tarious  sizes  and  fonns.  They  remained  alive  in  the  tubes  for  2  to 
4  mouths.  Subinoculationa  were  made  and  carried  to  t^e  fotirth 
generation.  The  optimum  temperature  for  the  cultures  is  10  to 
15"  R. 

With  reference  to  the  above  papers,  the  observation  of  the  Oerman 
authors  that  the  trypanosomes  no  longer  develop  in  the  tubes  after 
the  onset  of  cold  weather  is  confirmed  by  the  studies  made  here, 
as  will  be  pointed  out  later.  As  to  that  of  the  Dudukalovs,  it  would 
be  of  interest  to  know  if  the  round  bodies  first  found  were  flagellated. 
If  so,  the  Russian  authors  were  dealing  with  a  process  altogether 
like  that  displayed  by  Trypanoaoma  americanum.  The  more 
leisurely  development  can  be  explained  by  the  rather  low  temperature 
to  which  their  cultures  were  subjected.  It  should  also  be  noted 
that  the  figures  accompanying  their  original  article — the  rfeum6 
given  above  having  heea  taken  from  a  review  in  a  less  difficult  lan- 
guage than  Russian — show  that  they  were  dealing  with  a  trypanosome 
morphologically  identical  with  T.  amerieanum.  On  the  otlter  hand, 
it  was  not  possible  to  get  the  American  trypanosome  to  develop  in 
salt  solution,  even  though  an  equal  bulk  of  blood  had  been  added. 

Stockman  (1910)  found  tiypanosomes  in  the  blood  of  6  out  of 
10  cattle  which  had  been  inoculated  with  Pv-oplaama  to  immunize 
against  piroplasmosia.  In  one  case  the  trypanosomes  were  present 
for  eight  days;  in  the  other  five  for  only  a  day  or  two.  The  try- 
panosomes were  morphologically  indistinguishable  from  T.  iheUeri, 
and  would  not  grow  in  culture  tubes. 

Stockman  makes  no  comment,  but  there  is  no  reason  for  r^arding 
what  he  found  as  anything  but  T.  tJteileri,  rendered  more  abundant 
as  a  result  of  the  weakened  condition  of  the  cattle. 

METHOD  OF  TBS  EZFBBZHBNTAI.  WOKE. 

The  procedure  followed  was  to  prepare  cultures  of  the  blood  of  the 
cattle,  and  to  examine  fresh  or  fixed  preparations  made  from  these. 
The  method  of  drawing  the  blood,  making  the  cultures,  etc.,  has 
been  described  in  Bulletin  119,  and  need  not  be  repeated  here.  The 
study  falls  easily  into  two  parts,  (1)  that  of  the  cultures  themselves, 
or'  what  may  be  called  the  experimental  work,  and  (2)  that  made 
with  the  mit^oscope  on  fresh  or  stained  material.  The  work  with 
the  cultures  will  be  detailed  first. 

XXAHINATIOK  OF  OTH/FUBBS. 

In  all,  several  hundred  cultures  were  made.  The  media  used 
were  beef  bouillon,  mutton  bouillon,  bouillon  made  from  extract  of 
meat,  and  salt  solution.    In  some  cases  the  cultures  were  made  the 
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game  day  as  the  blood  was  drawn;  in  others  an  interval  of  from 
one  to  seTeral  days  was  allowed  to  el^ise,  the  blood  meanwhile 
being  kept  either  in  the  ice  cheetj  in  the  laboratory,  or  in  the  incubator. 
Further,  Uie  blood  was  sometimes  used  in  measured  quantities; 
in  other  cases  there  was  merely  added  to  the  medium  what  was 
considered  to  be  a  sufficient  amount. 

At  first  the  cultures  were  in  some  cases  placed  in  the  incubator, 
but  the  behavior  of  Typanogoma  amerieanum  is  here  the  same  as 
that  of  any  other  tiypanosome  in  culture,  and  cultures  kept  at 
incubator  temperature  quickly  deteriorate.  The  explanation  has 
been  advanced  that  the  preference  of  a '  'culttn'al"  form  for  a  moderate 
temperature  is  due  to  the  fact  tiiat  the  biting  arthropod  which 
removes  it  from  the  mammalian  host  has  the  temperature  of  the 
surrounding  air.  Without  dogmatizing  as  to  whether  or  not  this 
may  be  true,  it  is  perfectly  evident  that  the  reason  T.  amerieanum 
can  not  live  in  cultures  in  the  incubator  is  because  these  cultures 
spoil.  Apparently,  without  reference  to  the  presence  or  absence  of 
bacteria,  the  hemoglobin  leaches  out  of  the  red  cells  and  goee  into 
solution  in  the  medium,  and  there  can  be  no  doubt  that  the 
Uquids  in  the  tube  undergo  profotmd  diemical  changes.  Hence, 
in  a  very  great  majority  of  cases,  the  cultures  were  kept  at  room 
temperature,  which  varied  from  20  to  27.5^  C,  according  to  the 
time  of  year. 

In  the  greater  number  of  cultures  the  medium  used  was  neutral 
beef  bouillon,  prepared  in  the  laboratory,  l^e  tubes  were  charged 
the  same  day  the  blood  was  drawn,  and  the  quantity  of  blood, 
while  not  measured,  varied  from  1  to  4  c.  c.  The  quantity  of  bouillon 
was  not  measured  accurately,  but  ranged  from  3  to  6  c.  c.  It  was 
mainly  from  such  cultures  as  these  that  the  material  used  in  the 
microscopical  studies  was  obtained. 

It  is  not  necessary  to  tabulate  the  results  obtained  from  this  lot  of 
cultures,  as  such.  The  more  interesting  results  were  obtained 
from  those  experiments  in  which  the  quantity  of  blood  was  measured 
and  from  those  carried  out  with  reference  to  the  season  of  the  year. 
The  former  are  necessarily  an  entirely  different  set  from  those  in 
which  the  blood  was  not  measured,  and  the  latter  set  was  made 
up  of  both  measured  and  unmeasured  cultures.  Tables  for  both  of 
these  sets  of  tubes  are  given  later. 

It  is  evident  that  in  order  to  determine  the  number  of  days  required 
for  the  tiypanosomes  to  appear  in  a  tube,  the  tube  must  be  examined 
daily  from  the  time  of  making  until  the  tiypanosomes  appear. 
This  was  done  for  63  tubes,  taken  throughout  the  year,  and  it  was 
found  that  the  average  time  required  was  3^  days.  It  is  understood 
ihat  this  means  the  time  required  for  the  presence  of  tiypanosomes 
on  the  top  of  the  column  of  red  cells  to  be  determined  or  at  least 
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suspected,  merely  by  the  use  of  a  hand  lens,  althou^  in  ftlmost 
all  cBsee  this  diagnoais  was  confirmed  by  the  use  of  the  microscope. 
This  average  of  3|  days  ia  based  on  cultures  made  the  day  the  blood 
was  drawn  and  whidi  were  kept  at  room  temperature. 

In  all  30  animals  were  used,  and  64  separate  tests  were  made  of 
their  blood.  Of  these  animals  27  were  yearUngs  or  adults  and  3  were 
young  calves.  The  calves,  one  of  which  was  but  1  day  old,  were  all 
negative.  Tb.«  mother  of  the  1-day  calf,  tested  at  the  same  time, 
was  positive,  an  indication  that  tiypanosomes  can  not  pass  ih.6 
placenta. 

Of  the  27  adult  animals,  7  gave  negative  results,  hence  74  per  cent 
were  infected.  The  actual  figure,  however,  is  probably  hi^er  than 
this,  since  a  single  test  may  be  negative  merely  by  accident,  and  of 
these  7  cattle,  5  were  tested  but  once.  Moreover,  as  will  be  shown, 
the  time  of  year  must  be  taken  into  accoimt. 

The  following  were  six  of  the  cattle  which  proved  negative,  with 
the  month  when  the  test  was  made;  the  seventh,  No.  685,  is  dealt 
with  below:  Nos.  666  and  668,  tested  in  March;  No.  667,  tested  in 
April;  No.  739,  tested  in  May  and  also  in  October;  No.  536,  tested  in 
July;  and  No.  738,  tested  in  October. 

By  October  the  tiyp&nosomes  have  become  much  less  abundant  in 
the  blood,  and  on  animal  negative  in  that  month  might  readily  have 
been  positive  in  July  or  August.  Nevertheless,  certain  cattle  do  not 
harbor  the  tiypanosomes,  as  the  following  history  of  cow  No.  685 
shows: 
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This  is  apparently  a  case  of  natural  immunity.  The  inoctilation 
might  have  failed,  but  the  constant  negative  findings  for  five  months, 
including  the  greater  part  of  the  hot  season,  show  that  the  animal  was 
able  to  resist  natural  infection.  There  was  nothing  in  the  history  of 
this  animal  to  differentiate  it  from  any  other,  and  it  was  in  precisely 
the  same  environment  as  all  of  the  other  cattle  at  the  Experiment 
Station.  In  fact,  both  it  and  No.  689,  from  which  it  was  inoculated, 
were  kept  for  a  part  of  the  simimer  in  the  same  pen. 
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gKASONAL  TABUTION   IN  SVMBER  OP  TBTPAN080HBS  IN   BLOOD. 

The  aeasonal  variation  in  the  sbiindance  of  tiypauosomes  is  very 
well  shown  bj  the  history  of  cow  No.  218,  as  follows: 
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From  this  table  we  see  that  in  August  and  September  the  cultures 
were  all  positive,  and  some  showed  trypanosomes  as  early  as  the 
second  day.  On  the  other  hand,  of  the  17  cultures  made  in  November, 
only  7  were  positive,  with  5  days  as  the  minimum  time.  Moreover, 
while  the  average  quantity  of  biood  used  in  August  and  September 
was  probably  about  3  c.  c,  and  in  no  case  exceeded  4.  c.  c,  the  least 
quantity  to  develop  tijpanosomea  in  November  was  5  c.  c,  and  one 
each  of  the  cultures  containing  7  and  8  c.  c,  respectively,  were  negative. 

Id  the  case  of  cow  No.  697,  from  whidi  many  cultures  were  made, 
it  was  foimd  that  a  lai^r  proportion  of  tubes  were  positive,  and 
trypanosomes  appeared  more  quickly  in  spring  and  summer  than 
they  did  in  the  autumn. 

The  table  following  shows  all  the  cases  where  the  time  of  appearance 
of  the  trypanosomes  was  determined.  It  gives  the  number  of  cultures 
so  determined,  the  maximum  and  Tninimnm  time  required  for  the 
trypanosomes  to  appear,  in  days,  and  the  average  of  the  whole  number. 
There  is  also  given  the  mean  temperature  of  each  month,  as  obtained 
at  the  Washington,  D.  C,  station  of  the  United  States  Weather 
Bureau,  and  the  mean  temperature  of  the  zoological  laboratory. 
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Tiau  of  appearance  oftrypano»ome*  in  laborotory  euUurtt,  bif  month*. 
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The  reason  vhy  the  laboratoiy  temperature  is  always  higher  than 
that  of  the  open  air  is  doubtless  obvious  enou^,  althou^  attention 
may  be  caJled  to  the  fact  that  in  hot  weather  the  dosing  of  the  labora- 
tory windows  at  4.30  p.  m.  prevents  any  such  nightly  fall  of  tempera- 
ture as  is  usual  in  the  open.  The  temperature  as  recorded  by  the 
Weather  Bureau,  althou^  taken  in  the  city  itself,  may  be  assumed  to 
correspond  to  that  of  the  Experiment  Station  of  the  Bureau  of 
Animal  Industry,  the  home  of  the  cattle.  Accordin^y,  the  one 
column  shows  the  fluctuations  of  temperature  to  which  the  animals 
harboring  the  tiypanosomes  were  subjected,  the  second  that  in  which 
the  tubes  were  kept.  The  former  can  hardly  be  supposed  to  have  any 
influence,  since  a  manmial  maintains  its  own  temperature  without 
reference  to  that  of  the  surrounding  air.  Therefore  in  making  com- 
parisons between  the  rates  of  growth  of  the  trypanosomes  at  di£Ferent 
times  of  the  year,  it  is  the  temperature  of  the  laboratory  which  should 
be  taken  into  account  and  not  that  of  the  open  countiy. 

In  the  following,  taken  from  the  table  given  above,  the  months  are 
in  the  first  two  cases  grouped  with  reference  to  uniformity  of  tempera- 
ture and  in  the  last  with  reference  to  the  time  required  for  the  cultures 
to  develop. 
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EXAMINATION   OF  CDLTUBES. 
2.   Uv^fi)rmitgmtimitofttppimmu»oflTypanoKmt$inrpiingmu^u. 
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In  the  first  group  it  is  seen  that  although  the  temperatures  are  veiy 
close,  the  time  required  in  one  case  is  more  than  double  that  of 
another.  In  the  second  group  the  maximum  difference  in  time  is 
only  1.1  days,  but  here  the  comparison  is  between  the  three  spring 
months.  In  the  third,  although  the  times  are  so  near  alike  that  the 
difference  is  negligible,  there  is  a  maximum  difference  of  9°  F.  in  the 
temperature. 

In  the  statement  below  the  entire  time  during  which  the  study 
was  being  carried  on  is  divided  according  to  the  three  seasons — spring, 
summer,  and  autumn.  The  average  time  required  for  the  cultures 
to  develop  during  each  season  is  computed,  due  wei^t  being  given 
to  the  number  of  cultures  used,  and  the  mean  temperature,  both  of 
the  open  country  and  the  laboratory,  are  given. 

Tww  of  appearante  0/ trypmuMoma  oeeordiTtf  to  ttaioru. 


InUb- 


There  is  seen  here  a  considerable  seasonal  difference  in  the  tune 
required  for  the  ttypanosomes  to  appear  in  the  tubes.  This  is  taken 
to  be  an  index  to  their  abundance.  The  mode  of  examination  of  the 
cultures  was  throu^out  much  the  same,  namely,  a  preliminary 
observaticm  of  the  top  of  the  column  of  blood  cells  with  a  hand  lens, 
followed,  when  necessaiy,  l^  the  examination  of  a  drop  of  the  culture 
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under  t^e  microecope.  The  latter  wu  undertaken  only  when  the 
former  left  the  question  as  to  the  presence  or  absence  of  tiypanosomes 
in  doubt. 

As  we  shall  see  later,  multiplication  of  the  tiypanosomes  begins  as 
soon  as  the  blood  containing  them  is  removed  from  the  cow.  It 
therefore  seems  reasonable  to  regard  their  discovery  in  the  culture 
tubes  by  means  of  the  procedure  indicated  above  as  evidence  of 
greater  abundance  rather  than  a  mere  rapid  multiplicative  rate. 
Hence  it  is  believed  that  these  figures  furnish  satisfactory  evidence  to 
show  that  whereas  the  trypanosomes  are  less  abundant  in  autumn 
than  in  spring  or  summer,  this  difference  is  independent  of  tempera^ 
ture.  The  figure  for  spring  is  also  lower  than  that  for  summer,  but 
this  difference  is  not  large  enough  to  warrant  any  conclusions. 

EFFECI  ON  THE  TBTFANOSOHE8  OF  EBEPINO  BLOOD  BKFOBB  OULTUBEfi 
WEBB   HADE. 

The  following  table  gives  the  results  obtained  when  the  blood  was 
kept  one  or  more  days  before  the  cultures  were  made.  The  several 
columns  show,  in  order,  the  number  of  the  cow;  date  culture  was 
made;  date  blood  was  drawn;  interval  in  days;  number  of  tubes  used; 
number  of  tubes  giving  positive  results;  and  place  where  blood  was 
kept. 

RenUt  o/examituUion  of  laboratarj/  euiturtt/or  ^ptatotoma. 
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The  following  data,  taken  from  above,  give  the  place  where  the 
blood  was  kept,  the  length  of  time  kept,  the  total  number  of  cultures 
made,  and  the  number  which  devel«q>ed  tiypaDOSomes: 
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1%ufl,  ^ven  cultures  developed  trypanosomes,  and  the  f<dlowing 
shows  the  time  required  in  each  case  for  the  or^aniams  to  appetu*  in 
the  tabes: 
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Blood  in  laboratory. 
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When  the  blood  was  kept  in  the  ice  chest  at  a  temperature  of  about 
16°  C.  for  1  to  5  daya,  only  7  out  of  24  cijlturea  developed,  or  29  per 
cent.  For  blood  kept  in  the  laboratory  the  figure  is  3  out  of  38,  or  S 
per  cent.  T^th  blood  kept  In  the  incubator,  but  one  culture  out  of 
22  produced  trypanosomes.  This  shows  that  keeping  the  blood  be- 
fore the  cultures  are  made  has  a  destructive  influence  on  the  trypano- 
somes. 

As  to  the  time  required  for  the  trypanosomes  to  develop,  the  average 
is  about  4i  days,  yet  tubes  made  bom  blood  kept  4  days  developed  in 
4  days.  Furthermore,  whereas  when  the  blood  was  kept  in.  the  labo- 
ratory only  2  out  of  8  tubes  developed,  the  trypanosomes  appeared 
on  the  third  and  fourth  days.  The  implication  here  is  that  the 
greater  part  of  the  trypanosomes  in  the  blood  are  either  killed  or  so 
enfeebled  that  they  are  unable  to  develop,  while  the  growth  which 
takes  place  is  due  to  the  hardier  survivors.  Tina  is  supported  by  the 
character  of  the  growth  which  was  eventually  brou^t  about  in  the 
tubes.  In  no  case  was  this  luxuriant,  and  it  was  good  in  only  three 
of  the  tubes,  pointing  to  the  conclusion  that  the  number  of  trypano- 
somes present  in  the  tubes  was  very  much  below  the  average. 

In  all  of  the  cases  considered  above,  control  cultures  made  promptly 
after  the  blood  was  drawn  were  positive. 

BBSULTS  OBTAINED   WTTH   HBASDBED  QUANTITIEB  OF  BLOOD. 

The  following  table  gives  the  results  obtuned  with  measured 
quantities  of  blood,  the  medium  used  being  the  laboratoiy  make  of 
beef  botullon,  and  the  cultures  being  made  the  same  day  the  blood 
was  flrawn.  Unless  otherwise  stated,  the  culture  tubes  were  kept  in 
the  room.  In  all  cases  given  in  the  table  where  the  quantity  of  blood 
was  small,  and  the  results  negative,  controls  showed  the  blood  used 
to  contain  trypanosomes. 
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Rttultt  obtaintd  with  mtatmtd  quatOHit*  oj  blood. 
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BauUt  obtained  toitkmeaiurtdqiiantiti4$  of  blood— Coa^aei. 
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H^e  it  is  seen  that  the  siuallest  quantity  of  blood  to  give  a  positive 
result  was  5  firops,  or  0.3375  c.  c,  and  that  this  result  was  obtained 
only  once  out  of  three  trials.  Assuming  6,000,000  red  cells  and  10,000 
leucocytes  per  cubic  miUimeter,  we  find  as  a  possible  proportion  one 
Irypanosome  for  2,022,000,000  red  cells  and  3,370,000  whi^.  Hence 
to  find  the  trypanosome  in  the  circulating  blood  would  be  merely  a 
piece  of  good  fortune.  Further,  culture  444,  containing  9  c.  c.  of 
blood,  was  negative,  yet  this  amount  of  blood  contains  90,000,000 
leucocytes. 

For  tlie  most  part  U\e  bouillon  used  for  the  cultures  was  that  made 
in  the  laboratory  from  beef,  for  ordinary  bacteriological  work.  Some 
16  tubes  were  used  in  which  the  medium  was  made  from  commercial 
meat  extract.  It  was  not  treated  with  an  alkali,  and  hence  was 
acid  in  reaction.  The  growth  in  the  latter  medium  was  in  general 
not  so  luxuriant  as  that  in  the  laboratory  make  of  bouillon,  and  in 
two  cases  the  trypanosomee  failed  to  appear  at  all,  although  con- 
trols (in  laboratory  bouillon)  were  positive. 

Fourteen  cultures  were  made  in  physiological  salt  solution,  6  parts 
per  thousand.  In  one  set  of  experiments  with  this  medium  5  c.  c. 
of  salt  solution  was  used  in  each  tube,  to  which  were  added  2,  3, 4, 
and  5  c.  c.  of  blood,  respectively.  Trypanosomee  never  developed, 
although  in  all  cases  the  controls  were  positive.  These  results  were 
at  odds  with  those  obtained  by  the  Dudukalovs  (see  page  9). 

In  one  set  of  tubes  cow's  milk  was  used,  the  results  being  ne^tive. 

GENERAL   BSBULTS    OF   CULTUSAL   WORE. 

The  results  may  be  siunmarized  as  follows: 

(1)  Trypanoaoma  amencanum  grows  readily  in  ordinary  bouillon, 
made  from  either  beef  or  mutton. 

(2)  The  average  time  required  for  the  trypanosomes  to  be  readily 
detected  in  the  tubes  is  3}  days. 
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(3)  The  smallest  quaatity  wbioh  gave  positive  results  was  5  drops, 
or  0.3375  c.  c.  The  liurgest  measured  quantity  to  give  negative 
results  was  8  c.  c. 

(4)  There  is  a  seasonal  fluctuation,  the  trypaoosomes  being  more 
abundant  in  the  spring  and  summer  than  thej  are  in  the  autimui. 

OBSBBVATIONS  ON  PSSBH  KATBBIAL. 

The  succ^sf^  cultures  were  those  made  by  adding  the  blood  of 
the  cow  to  bouillon  of  several  different  kinds.  The  freshly  made 
culture  Decessaiily  consisted  of  a  red  column,  composed  of  an  aAnix- 
ture  of  Mood  and  the  medium.  Upon  standing  for  about  24  hours 
die  blood  cells  settled  to  the  bottom  of  the  tube,  leavii^  above  them 
a  clear  fluid  composed  partly  of  blood  serum  and  partly  of  boaillon 
itself.  At  flrst  the  surface  of  this  column  was  smooth  and  of  a 
uniform  red,  but  by  the  end  of  the  second  day  it  usually  began  to 
present  appearances  which  were  presumably  caused  by  the  rising  to 
the  surface  of  the  leucocytes.  These  appearances,  however,  were 
very  varied.  In  some  cases  the  surface  remained  perfeoUy  flat  but 
showed  itself  studded  with  minute  whitish  specks  and  motes  which, 
when  large  enou^  for  their  fwm  to  be  determined,  were  of  irreg- 
ular contours  and  closely  resembled  particles  of  dust.  Frequently, 
however,  a  fuzzy  deposit  appeared  upon  the  surface,  consisting  of  a 
reddish-white  stringy  mass,  which  m%ht  he  eleVated  as  much  as 
1  or  2  mm.  These  fuzzy  masses  never  occupied  more  than  a  por- 
tion of  the  surface  of  the  colunm  of  red  cells.  At  other  times  this 
surface  was  differentiated  into  a  series  of  ripples,  representing  in 
miniature  the  surface  of  wind-blown  sand. 

But  in  spite  of  these  various  aspects,  there  was  never  any  difB- 
enlty  in  determining  macroscopically  (or  preferably  with  the  aid  of 
a  hand  lens)  whether  the  tubes  did  or  did  not  contain  trypanosomes, 
at  least  after  they  had  had  time,  if  presNit,  to  establish  thmiselves. 
Frequently  by  the  third  day  there  could  be  distinguished  on  the 
surface  of  the  red  cells  minute  dots,  differing  from  the  motes  above 
mentioned  in  that  they  were  white  and  circular.  Wlien  these  had 
reached  a  certain  size  it  could  generally  be  seen  that  their  top  sur- 
faces were  not  flat  but  convex,  and  when  as  sometimes  happened 
they  were  supported  by  the  masses  of  fuzz  and  thus  carried  above 
the  surface  they  showed  as  more  or  less  spherical  bodies.  At  first 
t^ese  trypanosome  colonies  were  very  minute  and  frequently  scat- 
tered over  the  surface  in  a  more  or  less  uniform  manner,  but  as  the 
culture  got  older  they  always  became  larger  and  often  fewer  in 
number.  Increase  in  size  is  of  course  a  matter  of  growtit,  and  the 
diminution  in  numbers  was  doubtless  a  case  of  fusion  of  closely 
lying  colonies.  In  mature  cultures  there  were  at  times  but  two  or 
three  colonies— enormous  white  masses  2  or  3  mm.  across. 
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The  small  colonies  were  always  circular,  the  lai^er  circular,  oval, 
or  irregular.  A  curved  outlloe,  however,  was  always  maintained. 
The  form  of  the  colonies,  however,  is  doubtless  merely  a  matter  of 
surface  tension.  Fusion  of  two  very  small  circular  colonies  results 
in  the  production  of  a  lai^  circular  one,  but  when  a  certain  size  ia 
reached  the  surface  tension  is  able  only  to  impart  to  the  compotmd 
colony  a  curved  outline.  It  was  at  times  to  be  ooted  that  the  sep- 
arate units  composing  the  large  compound  colonies  were  very  incom- 
pletely fused. 

Clearly,  each  separate  colony  which  arose  on  the  surface  of  the 
red  cells  in  a  tube  represented  a  focus  of  infection,  the  later  increase 
in  bulk  being  merely  due  to  the  multiplicative  activity  of  the  tiyp- 
anoeomes.  No  accurate  counts  were  made,  but  such  foci  probably 
ranged  in  numbers,  in  the  various  tubes,  from  half  a  dozen  or  less  to 
perhaps  100.  These  foci  of  infection  must  in  each  case  be  either  a 
single  trypanosome,  or  some  element  not  a  tiypanosome  but  which 
evolves  into  one,  or  two  or  more  trypanosomes  or  such  elements. 

In  the  preliminary  notice  (Bulletin  119)  it  was  stated  that  it  was 
not  possible  to  say  what  this  was,  that  is,  whether  the  element  in 
the  circiilating  blood  of  the  cow  was  an  actual  trypanosome  or  some- 
thing of  an  entirely  different  facies,  and  unfortunately  such  observa- 
tions as  have  been  made  since  do  not  settle  this  point  absolutely, 
yet  they  leave  little  doubt  resting  upon  it.  Trypanosomes  were 
never  seen  in  fresh  blood  from  the  cow,  but  they  finally  were  found 
in  stained  smears  of  centrifuged  blood,  the  smears  having  been  made 
3  or  4  hours  after  the  blood  was  drawn.  It  may  be  stated  here  that 
these  organisms  did  not  occur  singly,  but  in  clusters,  and  were 
evidently  in  a  process  of  rapid  multiplication.  The  probability  that 
they  arose  from  the  division  of  a  trypanosome,  and  not  from  some- 
thing else,  is  so  great  as  to  be  a  practical  certainty.  The  work  of 
Wrublewski  and  Behn,  previously  quoted,  supports  this  hypothesis. 
In  that  of  the  former,  the  trypanosomes  described  as  parasites  of 
the  aurochs  are  so  hke  T.  americanum  that  the  latter  might  be 
regarded  as  little  more  than  a  variety  of  the  former.  The  failure 
to  find  the  tiypanosome  in  the  perfectly  fresh  blood  of  American 
cattle  is  of  little  moment,  since  if  the  oi^anlsm  is  only  a  variety  of 
T.  wnibleiDski  it  is  in  a  strange  host,  and  hence  might  be  able  to 
maintain  itself  in  only  very  limited  numbers.  Moreover,  it  is  a 
matter  of  common  knowledge  that  trypanosomes  may  exist  in  the 
blood  of  animals  in  such  small  numbers  as  to  evade  observation  with 
the  microscope.  A  great  many  such  cases  have  been  brought  out  in 
the  experimental  work  on  the  pathogenic  trypanosomes  of  mammals, 
and  it  seems  to  be  almost  the  rule  for  those  of  birds.  Evidently, 
when  a  trypanosome  can  not  be  found  in  the  blood  with  the  micro- 
scope, it  is  more  or  less  of  a  venture  to  claim  that  it  esists  there  aa 
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a  trypanosome  and  not  as  somethiDg  else.  Yet  in  the  case  of  birds 
it  is  known  that  after  fulure  to  find  them  in  the.  circulating  blood 
ihey  have  been  picked  up  in  extremely  small  numbers  in  the  bone 
marrow.  Besides,  in  spite  of  the  enormous  amount  of  work  which 
has  been  done  on  tliese  flagellates,  nothing  has  ever  been  discovered 
in  the  blood  but  an  element  instantly  recognizable  as  a  trypanosome. 
Finally,  there  is  Behn's  discovery.  But  this  trypanosome  ia  very 
different  from  either  T.  americanum  or  T.  wrubUwski.  It  is  not  only 
a  very  much  broader  animal,  but  differs  in  that  the  nuclei  are  farther 
back  in  the  body.  It  is  quite  possible,  however,  that  this  trypano- 
some, althou^  the  forerunner  of  the  organisms  found  in  the  culture 
tubes  by  the  German  investigators,  is  a  wholly  different  species 
from  T.  amencanum.  So  far  the  cultural  tr3^anosome  of  German 
cattle  has  nuther  been  described  nor  figured,  and  it  is  hence  impos- 
sble  to  compare  it  with  that  from  American  cattle. 

ATTEMPTS    TO    DISCOVER    THE    TBTPANOSOHE     IN    FRESHLY    ]>RAWN 
BLOOD. 

The  experiments  made  at  Washington  to  deteimine  this  point 
may  now  be  given. 

Freshly  drawn  blood  from  cattle  was  centrifuged,  and  preparations 
were  thereby  obtained  in  which  the  leucocytes  were  as  abundant  as 
Uie  red  cells.  This  work  was  done  in  June,  July,  and  August,  1910, 
when  the  cultural  method  showed  the  trjpanosomes  to  be  abtmdant. 
Sis  different  ^nirm^la  were  used,  of  which  four  were  healthy,  one  was 
in  an  advanced  stage  of  tuberculosia,  and  one  was  suffering  from  a 
mild  case  of  Texas  fever.' 

A  laige  number  of  fresh  preparations  were  examined,  but  nothing 
in  the  way  of  a  trypanosome  was  ever  found.  In  a  search  of  this 
sort  the  examination  of  fresh  material  was  then  and  still  is  behoved 
to  be  the  most  efficient  method,  since  the  flagellate  readily  betrays 
its  presence  by  its  motility.  The  work  was  done  with  a  16  mm. 
objective  and  a  No.  12  eyepiece,  and  a  preparation  containing  as 
much  blood  as  a  large  smear  could  be  searched  in  a  few  minutes. 
A  thorough  test  of  this  procedure  led  to  the  view  that  the  trypano- 
somes  could  not  be  found  in  recently  drawn  blood,  and  the  examina- 
tion of  stained  smears  was  undertaken  rather  with  the  idea  of  looking 
for  hypothetical  "preflagellate"  stages  than  for  actual  trypanosomes. 
Yet  it  was  in  these  that  the  discovery  was  made.  The  trypanosomes 
were  found  on  two  slides,  a  small  group  in  each  case,  out  of  some 
25  examined. 

Cultures  were  also  centrifuged.  The  first  experiment,  made  July 
15,  1910,  with  a  culture  23  to  24  hours  old,  revealed  tiypanosomes. 
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singly  or  in  clusters  and  either  associated  or  not  with  white  cells. 
Later  experiments,  made  in  August,  reduced  the  time  to  15  hours. 
Younger  cultures  were  not  tried. 

The  findings,  however,  were  of  considerable  interest.  In  the 
IS-hour  culture  only  a  siogle  tfypanosome  was  found,  but  this  was 
an  organism  having  a  body  quite  20  microns  in  lengUi,  and  a  flagel- 
lum  as  long  as  the  body,  makiog  it  all  of  40  microns  long.  The 
undulating  mejnbrane  was  short,  and  the  appearance  was  typical 
for  Typanosoma  amenca/num. 

In  a  culture  18}  hours  old  made  iTom  blood  5}  hours  after  it  was 
drawn  there  were  found  several  clusters  of  tiypaoosomes,  one  of 
which  must  have  been  composed  of  at  least  75  individuals.  Since  in 
the  culture  tubes  division  of  the  flagellates  ia  by  no  means  a  rapid 
process,  requinng  from  1  to  2  hours,  multiplicative  activity  must 
have  been  going  on  for  some  time.  At  the  slower  rate,  it  would  take 
14  houirs  for  one  trypanosome  to  produce  64.  The  organieons  found 
on  the  first  day  in  centrifuged  cultures  differed  in  no  respect,  so  far  as 
could  be  detennined,  from  those  found  in  two  and  three  day  cultures, 
studied  without  centrifuging. 

EVOLUnOK  OF  THE  TRYPANOSOME8  IN  CULTURE. 

The  history  of  the  evolution  of  the  trypanosomes,  as  it  takes  place 
in  a  successful  culture,  may  now  be  traced. 

As  already  stated,  there  is  a  certain  variability  in  the  rate  of 
evoluljon,  but  it  may  conveniently  be  considered  under  three  head- 
ings— the  pcoiod  of  growth,  of  culmination,  and  of  decline — althou^ 
the  three  processes  to  a  certain  extent  overlap. 

In  cultures  2  to  3  days  old  there  are  pres^it  a  smaU  number  of 
oi^ajuauB,  say  from  1  to  6  to  each  pr^aration,  a  preparation 
probably  containing  1  cubic  millimeter  of  the  culture.  The  animab 
are  ordinarily  short  and  relatively  broad,  with  the  anterior  half 
broader  than  the  posterior.  At  times,  however,  they  are  quite  slender. 
A  flagelium  is  always  present  and  in  most  cases  a  short  undulating 
membrane  can  eamly  be  seen.  The  cytoplasm  is  hyaline.  With 
ordinary  light,  granules  can  not  as  a  rule  be  seen,  hut  dark-field 
illumination  eJiows  them  to  be  present.  It  may  also  here  be  noted 
that  this  method  revealed  the  fact  that  in  the  adult  trypanosomes 
the  flagella  often  show  a  double  contour,  even  to  the  extreme  tip. 
The  organifflns  are  either  sohtary,  in  pairs,  or  in  clusters.  The 
clusters  are  nearly  always  of  few  individuals,  but  this  of  course 
depends  upon  the  rate  with  which  multiphcative  activity  has  been 
inaugurated.  The  flageUum  and  undulating  membrane  are  in 
constant  action,  and  progression  in  a  slow,  unsteady  maimer,  wiUi 
nmnOTOus  changes  of  direction,  is  frequent. 
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Cultures  3  to  4  days  old  show  all  of  the  phenomena  presented 
by  the  earlier  cultures.  There  are  very  many  more  tiypaaosomes 
present,  however,  and  the  clusters  average  much  larger.  Solitary 
forms  are  relatively  much  rarer,  almost  all  of  the  ftnimaln  being 
in  the  clusters.  The  trypanosomea  themselves  have  become  longer. 
Tlie  flagella  and  undulating  membranes  are  in  constant  motion, 
and  it  may  here  be  stated  that  motility  does  not  seem  to  fluctuate 
with  age,  senile  and  youthful  forms  showing  it  in  approximately 
the  same  degree. 

Evolution  now  follows  the  lines  already  indicated.  In  ihe  4 
and  5  day  cultures  solitary  forms  occur,  but  are  scarce.  Neariy 
all  the  tiypanosomes  present  are  in  clusters,  which  may  consist  of 
3  to  4  individuals,  or  be  of  enonuous  mze.  One,  from  a  4-day 
tube,  measured  156  by  190  microns,  and  must  have  been  composed 
of  thousands  of  trypanosomes.  The  individual  animals  are  larger; 
some  long  and  slender,  or  crithidiarlike ;  others  show  a  typical 
tiypanosome  contour,  while  still  others  have  become  club^haped. 
lATge,  stout  divisional  forms  are  frequent.  In  many  the  cytoplasm 
has  become  very  granular. 

From  the  fifth  and  sixth  days  onward  the  cultures  begin  to  present 
a  far  more  diversified  appearance.  There  are  present  large  and 
small  clusters  in  ^diich  the  trypanosomes  may  be  band-shaped  or 
club-shaped.  There  are  many  more  free  individuals,  doubtless 
those  which  have  become  separated  from  the  clusters.  The  free 
forms  are  band-shaped,  club-shaped,  or  short  ovid  bodies.  Any  and 
all  of  these  may  be  in  division.  There  also  appear  in  the  older 
cultures  veiy  laige  bodies  with  two  or  more  flagella,  no  doubt  result- 
ing from  a  more  or  less  abnormal  division  process.  The  cluh-«haped 
forms  and  the  giant  trypanosomes  are  marks  of  degeneracy,  and  as 
the  culture  ages  more  and  more  of  the  trypanosomes  begin  to  undergo 
senile  decay,  and  the  culture  eventually  dies  out. 

No  accurate  data  were  kept  as  to  how  long  the  cultures  gener^y 
lasted,  but  by  the  end  of  a  month  they  are  very  evidently  degenerate. 
In  one  case  a  tube  chaiged  63  days  previously  was  observed  to 
^ow,  microscopically,  a  laige  number  of  apparent  colonies.  A  study 
of  these  colonies  under  the  microscope  showed,  however,  that  they 
consisted  merely  of  great  masses  of  granular  balls,  with  here  and 
there  a  feebly  motile,  misshapen,  and  intensely  granular  trypanosome. 

The  process  of  evolution  of  the  individual,  or  of  evolution  com- 
bined with  so-called  involution,  is  not,  except  at  the  outset,  difficult 
to  follow.  As  given  above,  a  solitary  trypanosome  having  a  total 
length  of  40  microns  was  found  in  a  centrifuged  culture  15  hours  old. 
(In  the  2  and  3  day  cultures  the  trypanosomes  are  not  so  large 
as  this.)  It  will  probably  not  be  far  trom  the  mark  to  look  upon  a 
trypanosome  of  this  size  as  the  originator  of  the  clusters  which  appear 
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in  the  tubea.  DivisioQ  is  always  by  longitudinal  splitting,  but  may 
be  equal  or  unequal.  The  observations  rather  favor  the  view  that 
it  is  at  first  unequal,  the  original  mother  cell  giving  off  a  short, 
relatively  broad  bud.  Such  unequal  divisions  were  seen  in  the 
ordinary  (not  centrifuged)  cultures,  and  were  not  uncommon  in  one 
of  the  centrifuged  cultures  of  the  first  day.  At  all  events,  beginning 
the  series  with  a  short,  broad,  flagellated  element,  the  histoiyis  as 
follows:  This  element  divides,  and  the  two  daughter  cells  are  also 
at  first  short,  broad  oi^anisms  provided  with  flagella  and  undulating 
membranes.  The  cytoplasm  is  hyaline,  and  fine  granules  are  prob- 
ably always  present.  An  increase  in  length  produces  a  relatively 
more  slender  form,  which,  in  its  turn,  becomes  a  band-^aped 
typical  trypanosome.  In  time,  the  anterior  half  becomes  broadw 
and  rounded,  like  the  head  of  a  club,  the  posterior  half  remaining 
narrow.  The  flagellum  extends  forward  from  the  anterior  tip  of 
the  broad  anterior  half  and  carries  with  it  a  narrow  band  of 
cytoplasm,  which  is  probably  composed  partly  of  endosarc,  since 
it  is  frequently  granular.  The  narrow  posterior  end  becomes 
narrower;  it  is  reduced  to  a  mere  spike,  and  finally  disappears, 
leaving  the  monadine  forms  which  show  a  flagellum  either  extending 
tree  or  accompanied  for  a  part  of  its  length  by  a  band  of  cytoplasm. 
In  certainly  a  great  many  cases,  however,  and  perhaps  all,  before 
the  complete  a^ophy  of  the  posterior  end,  the  head  of  the  club  had 
undergone  a  distortion  which  carries  the  point  of  ori^n  of  the 
flagellum  around  to  one  side  of  the  body,  so  that  forms  are  obtained 
wherein  the  flagellum  extends  out  at  right  angles  to  the  longitudinal 
axis  of  the  body. 

Along  with  the  morphological  changes  there  is  a  conspicuous 
change  in  the  granularity  of  the  cytoplasm.  In  the  young  trypano- 
somes  the  granules  are  small,  but  there  is  a  gradual  increase  in  size 
and  numbers,  and  the  senile  forms  are  closely  packed  with  coarse 
granules.  The  monadine  form  d^enerates  into  a  coarsely  granular 
ball. 

The  genesis  of  the  colonies  takes  place  as  follows:  A  cluster  is 
started,  probably  by  a  single  trypanosome.  This,  by  division, 
produces  a  pair,  joined  by  their  posterior  ends.  A  second  divi^on 
produces  a  group  of  four,  but  the  arrangement  is  not  radial,  but 
linear.  The  four  are  united,  in  common,  by  their  posterior  ends, 
but  one  of  the  pairs  is  slightly  in  advance  of  the  other.  In  further 
divisions  this  linear  arruigement  is  maintained,  so  that  the  clusters 
do  not  consist  of  rosettes,  but  of  strings.  Since,  however,  any  given 
pair  of  trypanosomes  is  very  nearly  at  the  same  level  as  the  pur 
next  to  it,  the  linear  disposition  is  more  or  less  completely  masked, 
and  rounded  clusters  are  produced.  The  actual  arrangement  may, 
howevOT,  be  nicely  demonstrated  by  observing  a  rounded  clusto' 
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by  dark-field  ilhiminatioD.  As  the  cluster  becomes  heated  by  the 
rays  it  spreads  out,  becoming  lai^er  aod  looser,  aod  then  it  can  be 
easily  seen  that  such  a  cluster  consists  of  a  number  of  closely  related 
atrings  of  trypanosomes.  It  may  also  be  seen  when  trypanosomea 
have  multiplied  in  a  sealed  preparation  on  a  slide.  Here,  if  the 
blood  film  be  sufficiently  thin,  the  groups  are  constrained  to  develop 
within  one  plane,  and  the  linear  arrangement  is  often  very  plain. 
Accordingly,  the  rounded  cluster  is  a  group  of  the  second  order, 
made  up  by  the  strings,  which  axe  in  their  turn  made  up  of  individual 
trypanosomes.  Occasionally  such  atrings  (or  perhaps  a  better 
tfflm  is  bouquets)  of  trypanosomes  were  seen  which  were  bipolar; 
that  is,  there  were  two  strings  extending  from  a  central  point  in 
opposite  directions.  The  strings  may  possibly  also  give  off  lateral 
branches. 

In  view  of  the  organization  of  the  clusters,  es  just  indicated, 
there  is  no  objection  to  the  view  that  each  has  arisen  from  a  single 
trypanosome.  If  this  be  so,  we  should  get,  as  a  very  rough  average, 
Bay  25  to  50  trypanosomes  per  culture  tube,  or  perhaps  10  per  cubic 
centimeter  of  blood.  This  gives  one  tr3'panosome  to  1,000,000 
white  cells.  The  data  given  on  page  20  show,  however,  that  the 
trypanosomes  are  not  so  abundant  as  this.  Such  figures  are  little 
more  than  guesses,  however,  although  they  show  that  the  trypano- 
somes Me  very  rare  in  the  circulating  blood  of  the  cow. 

It  may  be  of  interest  to  give  certain  of  the  observations  in  detail : 
Fresh  pi^parations  from  cultive  tubes  2  to  3  days  old,  examined 
under  the  microscope,  show  in  abundance  clumps  composed  partly 
of  red  cells  and  partly  of  leucocytes.  These  clumps  stand  out  quite 
sharply  bvm  the  film  of  red  cells  and  evidently  possess  a  con^derable 
degree  of  consistency.  Their  production  is  probably  in  part  due  to 
the  fact  that  as  the  leucocytes  rise  to  the  surface  they  tend  to 
entangle  a  certain  ntmtber  of  red  cells;  but  there  seems  to  be  some 
other  influence  at  work,  because  at  times  these  clumps  consisted 
entirely  t)f  red  cells,  and  the  red  cells  were  always  in  the  majority. 
In  all  cases  the  red  cells,  as  a  result  of  mutual  pressure,  were  more 
or  less  misshapen. 

It  was  very  quickly  learned  that  the  place  to  look  for  the  first 
trypanosomes  was  in  these  clumps.  In  the  early  cultures  one  or  two 
tiypanosomes  could  usually  be  foimd  in  association  with  one  of  them, 
«ther  in  the  midst  of  the  blood  cells  or  lying  at  the  periphery,  in  the 
narrow  clear  space  which  usually  separated  a  clump  from  the  sur^ 
rounding  film  of  eiythrocytes.  A  day  later  there  might  be  a  con- 
siderable number  of  trypanosomes  in  such  a  situation,  mostly  in 
little  clusters  around  the  edges  of  the  clump.  In  a  number  of  cases, 
where  preparations  were  obtained  shoving  trypuiosonies  in  associa- 
tion with  the  clumps,  the  position  of  these  was  determined  by  means 


28       TBYPAKOSOUA  AHEBICANUM,  A  BLOOD  PABASTTE  OF   CATTLE. 

of  the  mechanical  stage,  and  (he  preparation  waa  set  aside.  Examina- 
tions  on  the  following  day  always  showed  a  conspicuous  increase 
in  the  number  of  trypanosomes,  and  it  was  in  such  cases  as  these 
that  the  growth  of  the  tiypanosomes  in  strings  or  bouquets  was  at 
tames  demonstrated. 

'Hie  appearance  of  trypanosomes  in  association  with  these  clumps 
of  blood  cells  sti^geeted  at  once  that  it  was  here  that  the  origin  of 
the  foci  of  infection  was  to  be  found,  and,  since  the  clumps  were 
small,  that  the  problem  of  whether  it  was  an  actual  trypanosome  or 
some  resting  stage  which  gave  birth  to  the  trypanosomes  in  the 
cultures  could  easily  be  solved.  In  the  endeavor  to  elucidate 
this  point  the  dark-field  illimiination  was  at  first  used  and  some 
very  deceptive  appearances  were  noted. 

As  stated  above,  these  clumps  are  composed  lai^y  or  wholh^  of 
red  cells,  the  peripheries  of  which,  with  dark-field  iUumination,  show 
as  bright  bands  of  a  quite  appreciable  width,  inclosing  a  space  which 
does  not  reflect  the  light  and  is  accordingly  clear.  Since  the  cells 
are  closely  packed  together,  the  appearance  is  that  of  a  region  marked 
out  with  very  irregular  polygons.  When  the  preparations  studied 
were  from  cultures  in  an  appropriate  stage  of  development,  that  is, 
when  the  trypanosomes  were  still  scarce,  observation  would  at  timee 
appear  to  show  the  edges  of  one  of  these  red  cells  to  be  in  motion. 
This  motion  at  once  recalled  that  of  the  flagellum  of  a  trypanosome, 
as  it  indeed  proved  to  be,  for  presently  it  could  be  seen  that  it  was 
not  the  edge  of  the  red  cell  that  waa  in  motion,  but  s  thread,  a  flagel- 
lum,  and  by  careful  observation  the  flagellum  could  be  traced  to  a 
faintly  appearing  trypanosome.  The  curious  point  about  this  phe- 
noKLenon  was,  however,  that  although  a  point  might  be  selected  where 
the  most  careful  scrutiny  failed  to  reveal  the  presence  of  a  trypano- 
some, the  serpentine  movement  would  presently  manifest  itsf^,  and 
then  the  trypanosome  itself  could  be  discerned.  It  was  as  if  the 
animals  sprang  into  being  full  fledged. 

The  mysteiy  was  solved  by  a  study  of  the  clumps  by  transmitted 
light.  It  is  probably  a  matter  of  common  experience  that  freeh 
preparations  are  not  very  satisfactorily  observed  with  an  oil-immer- 
sion lens  with  daylight.  The  usual  method  was  th«i  somewhat 
modified.  The  small  arc  lamp  belongrog  to  the  dark-field  apparatus 
was  used,  its  light  being  first  passed  through  a  piece  of  "euphos" 
glass,  and  then  through  a  vessel  contauiing  a  solution  of  methylene 
blue.  Euphos  gloss  cuts  out  the  destructive  ultra-violet  rays;  the 
methylene-blue  solution  is  for  the  benefit  of  the  observer's  eyes,  and 
can  be  made  of  whatever  density  desired.  FinaUy — and  this  is  of 
importance — immersion  oil  must  be  placed  between  the  top  of  the 
condenser  and  the  slide.  This  procedure  permits  the  use  of  the 
higheet-power  eyepieces  with  a  2  mm.  apochromatic  Icais,  and  the 


lyGooj^lc 


OBSBBTAnONS  ON  FBS^  MATBMAL.  29 

trypanoBomes  may  be  studied  under  powers  of  1,500  to  2,2S0 
diunetera. 

It  was  by  this  meuiB  learned  that  the  trypanosomes  which  ap- 
peared so  mysteriously  were  aheady  present  in  the  mass  of  red-blood 
cells,  and  had  merely  shifted  their  position.  But,  unfortunately,  no 
light  was  shed  on  their  origin.  In  a  great  many  cases  round  cells, 
the  appearance  of  which  was  not  wholly  that  of  normal  leucocytee, 
were  individually  kept  under  observation  for  several  hours,  but 
nothing  was  ever  seen  to  take  place.  The  first  trypanoBomes  ever 
seen  in  preparations  from  any  culture  were  elongated,  flagellated 
organisms. 

In  the  etixiy  cultures  the  trypanosomea  occurred  either  singly  or  in 
groups  of  two  or  three.  As  has  already  been  pointed  out,  the  pairs 
arise  by  division,  but  there  is  another  way  whereby  paired  animals 
and  clusters  of  very  few  might  take  origin.  This  would  be  by  ag- 
glutination. Besides  being  associated  with  the  clump  of  red  and 
white  cells,  the  trypanosomea  are  found  wand^ing  through  the 
preparation.  They  create  little  or  no  disturbance  amongst  the  red 
cells,  since  they  travel  at  a  slightly  higher  level  and  may  indeed  be 
creeping  on  the  under  surface  of  the  cover  glass.  Their  movements 
are  slow  and  unsteady  and  changes  of  direction  are  frequent.  The  fol- 
lowing detailed  observations  are  typical  of  what  may  be  seen: 

HOTEMENTS  OF    TBTPAK080MES   IN   CULTTTRBe. 

In  a  culture  two  days  old,  studied  March  5,  1910,  two  young  tiypan- 
osomes  came  together  at  4  p.  m.,  and  for  55  minutes  what  waa  seen 
can  best  be  designated  as  a  wrestling  match  between  the  two.  Move- 
ments of  the  flagella  and  undulating  membranes  were  practically 
continuous,  and  the  two  kept  their  bodies  constantly  curved,  each 
looped  around  the  other.  At  4.55  they  both  straightened  out  and  lay 
side  by  side,  bodice  in  contact,  the  flagella  pointing  in  the  same  direc- 
tion; This  position  waa,  however,  maintained  but  for  a  minute  or 
two,  after  which  they  again  bent  their  bodies,  looped  themselves 
together,  and  resumed  the  apparent  stru^le.  At  5.30  theobserva^ 
tion  was  interrupted,  to  be  resumed  at  7.15  p.  m.,  when  the  same 
condition  of  affairs  was  found. 

In  another  case,  in  a  3-day  culture,  two  slightly  more  mature 
flagellates  were  seen  to  come  into  contact  and  to  remain  so  for  several 
hours.  Here,  as  in  the  case  described  above,  the  flagella  and  undu- 
lating membranes  were  in  constant  movement,  and  the  animals  also 
spent  a  part  of  the  time  each  looped  around  the  other.  But,  in 
addition,  they  would  frequently  partly  separate  and  then  each,  with 
straight  longitudinal  axis,  appose  its  body  to  that  of  the  other. 
When  so  disposed,  they  were  oriented  indifferently  in  the  same  or 
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opposite  directions,  and  aometimes  the  end  of  one  was  opposite  the 
middle  of  the  body  of  the  other.  Under  such  circumstances  it  was 
generally  quite  impossible,  even  with  the  very  favorable  conditions 
under  which  the  olMervations  were  made,  to  trace  any  line  of  demarcar 
tion  between  the  two;  but  neither  here  nor  in  any  other  of  the  cases 
observed  was  there  any  reason  to  suspect  conjugation.  Neither 
ia  it  believed  that  iinions  of  this  sort  were  permanent,  since  contact 
between  the  two  was  never  by  any  specified  portion  of  the  body,  and 
might  be  instantaneously  broken,  whereas  tjie  pairs  arising  by  divi- 
sion remained  attached,  and  always  by  their  posterior  ends. 

When  the  tiyponosomes  were  not  rare  in  the  mount,  it  was  not  at 
all  unusual  for  a  solitaiy  individual  to  leave  the  edges  of  the  cell 
clumps  and  wander  alone  in  the  preparation.  Hiere  might  be  quite 
a  few  trypanosomes  wandering  through  the  preparation,  but  there 
waa  never  any  evidence  of  any  influence  exerted  at  s  distance.  But 
in  a  number  of  cases  it  was  noted  that  as  soon  as  two  individuals  came 
into  contact  each  at  once  became  more  energetic. 

THE  PBOCKSS  OF  HOl.TIPIJCA'nON. 

The  actual  process  of  multiplication  was  not  seen  many  times,  but 
the  following  observation  probably  epitomizes  the  process: 

In  a  4-day  culture,  at  2  p.  m.,  March  7,  1910,  there  were  found  a 
lai^e  and  a  small  trypanosome  in  contact.  The  former  was  a  wholly 
normal  animal  of  adult  aspect,  the  latter  ^g-shaped  but  with  a 
pointed  posterior  end  and  a  short  flagellum.  It  was  rather  less  than 
half  as  long  as  the  adult  animal,  and  lay  in  contact  with  the  anterior 
half  of  it.  In  a  very  few  minutes  it  waa  seen  that  the  flagellimi  of  the 
egg-shaped  element  was  much  longer,  and  a  little  later  the  element 
itself  was  seen  to  be  split  halfway  from  the  anterior  to  the  posterior 
end.  Unless  the  appearance  of  singleness  of  this  body  when  first  sera 
was  deceptive,  and  due  to  the  angle  from  which  it  was  observed,  the 
division  into  a  partly  separated  element,  with  the  two  anterior  ends 
each  provided  with  a  flagellum,  did  not  require  more  than  15  or  20 
minutes. 

At  2.35  p.  m.  the  laige  trypanosome  broke  away  from  the  paired 
element,  but  some  10  minutes  later  joined  it  again,  wrapping  its 
body  around  the  pair  in  such  a  way  that  there  was  obtained  an  oval 
body  provided  with  three  flagella  at  one  end.  The  trio  remained  in 
intimate  contact  until  4.30  p.  m.,  and  during  all  of  this  time  it  was 
possible  only  momentarily  to  see  any  line  of  demarcation  between  the 
three  elements  composing  it.  At  4.30  the  large  trypanosome  again 
separated  from  the  pur,  and  then  it  was  possible  to  see  that  althou^ 
the  two  small  cells  were  still  in  contact  by  their  posterior  ends,  they 
had  increased  very  considerably  in  length,  and  were  now  much  like 
Uie  young  forms  seen  ui  the  young  cultures. 
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When  tlie  original  pur  was  fint  seen  it  waa  taken  to  be  a  case  of 
unequal  diTision,  but  the  subsequent  behavior  of  the  large  trypano- 
Bome  is  rather  against  such  an  interpretation.  The  Uttle  trypano- 
Bomes,  hi  which  the  body  is  oval,  and  may  or  may  not  be  pointed  at  the 
ends,  were  frequently  found,  either  sin^y  or  paired,  in  the  cluBters 
occurring  in  the  young  cultures,  and  other  cases  of  division  like  that 
above  described  were  at  times  seen.  In  these,  so  tax  as  the  obanra^ 
tions  go,  the  pairs  srimng  from  division  remained  in  contact,  but  it  is 
not  impossible  that  separation  may  sometimes  take  place  before 
growth  is  completed,  thus  giving  rise  to  solitary  oval  forms.  It  is 
also  theoretically  poesible  that  they  arise  from  unequal  division, 
as  in  TrypanoaoTna  leieist,  but  unfortunately  neither  my  preserved 
material  nor  my  observations  on  fresh  material  enable  me  to  settle 
this  point. 

Besides  the  oval  form,  there  was  occasionally  found  in  the  early 
cultures  a  round  element,  about  as  large  as  a  red  blood  cell,  provided 
with  a  long  flagellum.  Such  are  presumably  to  be  r^;arded  as  modi- 
fications of  the  oval  form. 

MOnUTT  or  THE  TRTPAKOSOMXB. 

Attention  has  been  called  to  the  almost  constant  motility  of  the 
trypanoBomes.  This  was,  however,  subject  to  a  certain  variability, 
although  it  was  not  possible  to  determine  upon  what  factors  this 
Tanability  depended.  The  normal  movement  was  an  undulation  of 
the  flagellum  and  undulating  membrane,  accompanied  by  a  certain 
amount  of  flexion  and  torsion  of  the  anterior  part  of  the  body.  The 
younger  trypanosomes  were  frequently  seen  to  have  their  bodies 
bent  into  circles,  simultaneously  displaying  enei^getic  movements  of 
the  flagella  and  undulating  membranes.  Such  positions  might  be 
maintained  as  long  as  the  observation  lasted.  But  in  the  fully 
fledged  parasites  the  longitudinal  axis  was  usually  straight  and  the 
postinuclear  part  of  the  body  rigid. 

At  tunes  trypanosomes,  entangled  amongst  blood  cells  or  granular 
debris,  acted  as  though  seeking  to  get  free.  In  such  cases  periods  of 
violent  activity,  during  which  the  movements  lacked  all  r^ularity, 
alternated  with  periods  of  complete  rest.  In  the  cases  noted  above, 
where  two  trypanosomes  kept  in  company  for  considerable  periods, 
the  movements  also  lacked  r^ularity. 

On  one  or  two  occasions,  when  the  temperature  of  the  laboratory 
during  the  night  hod  been  unusually  low,  tiie  trypanosomes  observed 
in  the  morning  seemed  rather  slug^iish.  This  observation  su^eated 
the  following  experiment:  A  tube  was  placed  in  a  vessel  containing 
ice  and  salt,  and  kept  at  a  temperature  of  just  above  freezing  for 
nearly  two  hours.  A  preparation  was  then  brought  under  the  mi- 
croscope as  quickly  as  possible,  and  immediately  examined,  with  the 
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result  that  the  trTpaQOSomes  were  found  to  be  displaying  an  activity 
fully  up  to  normfd. 

Nor  is  it  c«rtun  that  heat  increases  motility.  Trfpanosomes 
always  become  much  more  active  with  dark-field  illumination,  but 
'  this  may  be  laid  to  the  ultra-violet  or  Boentgen  rays  rather  than  Uie 
heat. 


The  observations  made  on  fixed  material  confirm  and  supplement 
ihoae  made  on  fresh  preparations.  In  one  respect,  moreover,  they 
cany  the  study  somewhat  fur- 
ther, since  in  two  cases  smears 
made  from  fresh  blood  ahow 
trypanoaomes  (figs.  1  and  2). 

The  blood  from  which  these 
smears  were  made  was  drawn 
at  the  Bureau  Experiment  Sta- 
tion, sent  into  the  laboratory, 
and  centrifuged  before  the 
preparations  were  made  from 
it.  The  interval  was  probably 
about  four  hours.  Hence  the 
blood  was  not  in  a  strict  sense 
freshly  drawn,  yet  the  observsr 
tion  compares  with  many  others 
made  upon  tiypanosomes.  In 
many  cases  in  the  literature 
where  trypanosomes  are  de- 
scribed as  present  in  the  circu- 
lating blood,  the  blood  in  which 
they  were  found  had  either  been 
removed  from  the  living  animal 
for  some  time  or  had  even  been 
taken  from  a  dead  animal. 
There  had  therefore  been  time 
for  it  to  cool  to  the  tempera- 
ture of  the  air.  A  case  in  point 
ia  that  of  Trypaiwaoma  wnMewaki,  found  only  in  blood  from  dead 
bison.  But  in  the  case  in  hand  it  is  believed  that  the  removal  of 
the  trypanosomes  from  the  circulation  had  an  immediate  effect,  for 
the  parasites,  as  seen  in  figures  I  and  2,  are  evidently  in  rapid 
division.  Their  extreme  scarcity  in  the  cow  is  practical  proof  that 
in  such  a  situation  the  muItiplicatiTe  enei^  is  in  abeyance. 

The  only  stimuli  to  which  the  parasites  in  the  drawn  blood  were 
subjected  were  the  lowering  of  the  temperature,  the  defibrinaling  of 
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the  blood,  and  the  mechanical  disturbance  consequent  upon  can- 
trifuging.  It  is  hardly  likely  that  defibrinating  could  have  any  effect, 
and  the  centrifuging  was  carried  on  for  only  a  few  minutes,  the  prepa- 
rations being  then  made  at  once.  Hence  no  time  waa  given  for  the 
number  of  divisions  which  the  figures  show  to  have  taken  place. 
Probably,  then,  it  is  the  lowering  of  the  temperature  which  induces 
multipUcation,  although  it  does  not  necessarily  follow  that  this  is  in 
any  way  correlated  with  the  removal  of  the  trypanosomes  by  a  biting 
fly.  lite  mere  cooliog  itself  might  readily  furnish  all  the  stimulus 
needed. 

MOBFBOLOOT  OV  THB   FOEM8   IN  THE  BLOOD. 

Taking  up  now  the  trypanosomes  as  they  appeared  in  the  centri- 
fuged  blood,  it  will  be  seen  that  they  are  normal  in  shape,  flagellated, 
and  possess  a  large  tropho- 
nucleua  and  a  conspicuous 
vacuole.  U^ortunately,  the 
stain  used  on  the  two  slides 
on  which  they  occurred  was 
not  in  proper  condition,  and 
stained  the  cytoplasm  so  in- 
tensely that  the  situation  of 
the  kinetonuclei  was  ob- 
scured.' 

For  the  group  shown  in 
figure  1  the  average  size  of  the 
body  was  14.7  by  4  microns. 
In  the  case  of  figure  2  the 
dimensiona  were:  Forms  in 
division,  13.9  by  4  microns; 
forms  not  in  division,  16.8  by 
3.6  microns. 

A  selection  of  14  of  the  fig- 
ured flagellates,  confined  to 
those  which  did  not  appear  to 
have  been  greatly  distorted 
in  fixation,  gave  an  average 
measurement  of  16.S  by  3.8  microns.  Newly  bom  daughter  cells 
can  not  be  larger  and  are  probably  somewhat  smaller  than  the 
mother  cells  from  which  they  were  derived.  Hence  the  trypano- 
some,  as  it  would  appear  in  the  circulating  blood,  probably  has  a 
length  of  at  least  20  microns  excluding  the  flagellum,  and,  as  noted 
on  page  24,  a  trypanosome  of  this  size  was  found  in  a  culture  of  the 
first  day. 
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MOKPWJLOer  OP  THB  FOBMI  IV  fJOVTUBX. 

Figines  3,  4,  5,  and  6  Aow  the  appearance  in  smearB  from  the 
eaify  onltaree.  Ilie  shape  is  to  a  la^  extent  artificial;  for  one 
thing,  the  early  stages  appear  to  contract  on  drying,  becoming 
shorter  and  broader.  Primarily,  however,  the  distortion  is  due  to 
the  fact  that  as  the  spherical  cluster  dries  it  ia  fixed  flat,  with  results 
such  as  are  shown  very  plainly  in  figure  6.  The  two  ceUs  shown  in 
figure  4  are  probably  somewhat  contracted.  In  the  film  they  meas- 
ured 10  microns  long.  In  figure  6  the  lai^est  tiTpanosome  has  the 
body  24.7  miarona  long.  The  group  of  ax,  shown  in  this  figure, 
give  clear  indications  of  the  method  of  their  origin,  and  are  proba- 
bly all  derived  tram  a  single  trypanoeome.  AH  but  one  are  oriented 
in  the  a&me  direction,  and  it  is  evident  that  this  odd  member  of  the 
group  has  just  been  forced  out  of  the 
a        A  place  which  it  had  been  occupying. 

Evolution,  as  already  set  forth  on  pages 
24  et  seq.,  results  in  the  production  of 
longer  and  relatively  and  often  actually 
3  more  slender  flageDates.    Figure  7  from  a 

culture  on  the  fifth  day  shows  two  try- 
panosomee.  "Diey  are  longer  and  some- 
what more  slender  than  those  shown  in 
figuTesla]id2.  Figures  8  and  9  are  from 
cultures  of  the  same  age.  Here  the  ani- 
mals are  long  and  slender,  that  of  figure  8 
measuring  27.8  microns  for  the  body. 

"    '~-'  The  undulating  membrane  also  shows 

more  distinctly  in  this  figure.  It  was 
such  forms  as  these  which  were  spoken  of 
as  crithidial  in  the  preliminaiy  notice, 
but  so  much  confusion  exists  in  the  literature  as  to  what  precisely 
are  the  characters  of  the  genus  Criihidia  that  the  derived  adjective 
is  perhaps  best  let  alone. 

Figures  11  to  15  show  forms  from  older  cultures.  Evidently  after 
a  certain  maximum  length  is  reached  the  animals  again  become 
broader.  Finally,  by  a  considerable  thickening  of  the  anterior  end, 
the  club-shaped  form  is  produced.  Very  marked,  also,  is  the 
increased  conspicuousness  of  the  undulating  membrane. 

In  figures  13  and  14  are  shown,  among  others,  forms  having  a 
broad,  rounded  anterior  end.  Posteriorly  the  body  is  ri^d  and 
tongue-shaped,  and  this  portion  finally  degenerates  and  disappears. 
Anteriorly  the  cytoplasm  extends  out  in  a  long  tapering  portion, 
very  flexible  and  mobile  in  the  living  animal  and  bearing  the  undu- 
lating membrane.     This  portion  also  becomes  absorbed  in  the  gent- 
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esis  of  the  monadine  forms,  and  tiTpanoBoiiMs  faaTing  this  outline 
are  doubtless  more  or  leea  senile. 

Slgore  12  shows  the  largest  indiTidual  found  in  the  preparations, 
the  body  alone  measuring  38  miocuna. 

CYTOLOQT  OF   THB   FO&US   IK    ODI.TnSE. 

Along  with  the  changes  in  size  and  shape  there  are  conspicuous 
cytological  changes.  With  reference  to  these,  however,  it  ia  desii^ 
able  to  say  that  the  material  used  was  all  "dry,"  and  all  stained 
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with  Wright's  stain.  Of  late  a  good  deal  of  the  work  on  trypano- 
Bomes  has  been  done  with  material  fixed  by  the  "wet"  method,  and 
the  dry  method  has  been  extensively  criticized.  But  the  use  of 
Wright's  stain  on  dried  blood  is  a  standard  procedure,  and  the  results 
are  so  evidently  accurate  for  such  delicate  structures  as  leucocytee 
that  they  can  scarcely  be  very  far  wrong  for  trypanosomea. 

In  the  trypanosomes  from  the  centrifuged  blood  of  the  cow  the 
flagella  stained,  but  poorly.  In  the  early  cultures,  2,  3,  and  4  days, 
they  stain,  but  often  very  funtly,  this  peculiarity  being  the  cause  of 
the  error  made  in  the  preliminary  notice.    Later,  however,  their 
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affinity  for  the  stain  becomes  mudi  greater,  and  in  the  fuUy  fledged 
ftf>ima.ln  the  flagella  are  conspicuous.  The  color  is  always  red.  In 
nearly  tH  cases  the  tip  is  thickened  to  form  a  minute  knob,  as  in 
Trypanosoma  vjratHeioski.  In  the  newly  bom  forms  the  fiagellum  is 
short ;  in  the  adults  it  is  long ;  probably  on  the  average  it  is  as  long 
as  the  body.  Frequently,  however,  in  the  older  cultures,  the  fiagel- 
lum is  two  or  even  three  times  longer  than  the  body. 

In  fresh  prepi^ations  an  undulating  membrane  is  always  in  evi- 
dence, but  in  stained  material  made  from  young  cultures  it  can  not 
as  a  rule  be  made  out.  Later  it  broadens  and  becomes  conspicuous, 
but  is  always  short. 

The  kinetonucUus  from  the  first  to  the  last  stuns  intensdy, 
usually  a  deep  garnet  color.  It  is  sometimes  round,  more  usually 
oval,  and  appears  merely  to  constrict  into  two  at  the  time  of  division. 
It  seems  always  to  be  associated  with  a  vacuole,  which  is  at  times 
as  large  as  the  trophonucleus.  In  cultures  2,  3,  and  i  days  old, 
when  the  trypanosomes  are  in  rapid  division,  this  vacuole  is  obvi- 
ously merely  a  cavity  within  the  cytoplasm. 
It  is  of  iiT^ular  outlines,  sometimes  lobu- 
lated,  sometimes  almost  tubular.  It  presents 
the  peculiarity  that  in  these  early  stages  of 
evolution  it  appears  to  be  open  to  the  exterior. 
The  appearance  presented  recalls  what  is  found 
in  Euglena.  Some  euglenoid  type  might  easUy 
have  been  the  ancestor  of  the  T^panosomidc, 
in  which  case  this  vacuole  might  be  regarded 
as  the  rudiment  of  a  cytophuynx.  The  data 
presented,  however,  are  obviously  insufficient 
to  warrant  doing  more  than  putting  forward  the  above  as  a  possible 
suggestion. 

Later,  the  vacuole  becomes  round  or  oval,  ceases  to  give  the 
appearance  of  being  connected  with  the  exterior,  and  furthermore 
absorbs  the  stain,  becoming  pink.  Although  in  adult  trypanosomes 
it  frequently  can  not  be  demonstrated,  it  is  perhaps  a  constant  fea- 
ture and  has  been  found  in  the  monadine  forms,  the  end  terms  of 
the  series. 

As  well  as  could  be  made  out  in  the  trypanosomes  from  the  freshly 
drawn  blood,  the  trophonucleus  consisted  of  a  lai^e,  tense  sac,  and 
such  is  clearly  its  eoodition  in  animals  from  the  youi^  cultures.  It 
stains  homogeneously  and  so  faintly  that  the  actual  color  is  often 
difficult  to  determine;  generally  is  of  a  reddish  cast.  In  the  very 
early  cultures — 2  and  3  days — the  trophonucleus  is  very  conspicu- 
ous, contrasting  sharply  with  the  blue  cytoplasm.  Later  it  becomes 
less  homogeneous,  presenting  a  ground  substance  in  which  is  a 
quantity  of  amorphous  matter  having  a  different  staining  reaction. 
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In  the  late  stages  the  appearance  is  that  of  the  conventional  tryp- 
anoBome  nucleus,  an  oval  body  provided  irith  a  number  of  lai^, 
rounded  granules.  The  appearances,  however,  are  manifold,  and 
have  not  been  worked  out  in  detail.  Presumably,  two  factors  are 
at  work — the  age  of  the  trypanoeome  and  its  state  with  reference 
to  division — and  each  of  these  is  superposed  upon  the  other. 


The  cytoplasm  in  the  early  stages  stains  solidly,  but  is  denser 
in  the  middle  of  the  body  than  at  the  ends.  It  is  always  a  clear  ^lue. 
For  the  first  several  days  it  appears  to  be  provided  with  a  considerable 
number  of  small  vacuoles  of  uniform  size.  Since,  however,  observa- 
tions on  fresh  material  show  these  young  trypanosomea  to  contain 
granules,  and  since  there  is  no  differentiation  of  the  cytoplasm  in  the 
fixed  preparations  other  than  these  apparent  vacuoles,  the  probabiUty 
is  that  they  are  really  granules  which  refuse  the  stain.  This  sup- 
poution  receives  support  from  the  fact  that  the  granules  of  leuco- 
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cyieB  at  times  appear  as  holes  in  tbe  stained  material.  Later,  the 
cytoplasm  loses  its  solidity  and  homogeneity  and  conspicuous  blue 
and  violet  granules  become  abundant,  and  in  old  cultures  the 
trypanosomes  frequently  consist  of  little  else  than  sacs  more  or  lees 
completely  filled  with  coarse  granules. 

PBJNOtPAIi  OHASAOTIIi&ZBTiaS  OF  TBTPAJTOBOKA  AHX&IOAHtTlL 

Tri/2»TUMomaaTR«n(»fMimi8alaigetT7panoeome.  Figure  128hows 
the  largest  specimen  found,  the  body  measuring  some  38  microns  in 
length.  In  this  particulu  case  the  flagellum  was  either  short  or  else 
failed  to  stun  throughout.  But  since  the  flagellum  is  nonnally  aa 
long  as  the  body,  a  total  length  of  75  microns  is  by  no  means  unlikely. 

The  most  marked  peculiarity,  however,  is  tiie  very  short  undulating 
membrane.  The  kinetonucleus  may  be  in  front  of,  along^de,  or 
behind  the  bt>pbonucleu8,  and  the  two  are  always  close  together. 
But  the  reason  for  the  shortness  of  the  undulating  membrane  is  that 
ibs  nuclear  system  is  pushed  forward.  The  usual  situation  for  the 
trophonucleus  of  a  trypanosome  is  near  the  middle  of  the  body, 
but  in  T.  amerieaimm  it  is  at  the  junction  of  the  anterior  and  middle 
thirds.  That  is,  the  distance  from  the  middle  part  of  the  tropho- 
nucleus to  the  anterior  end  of  the  trypanosome  averages  33  per  cent 
of  the  body  length,  and  in  the  specimens  measured  ranged  from 
25  to  40  per  cent.  In  this  respect  T.  americoTvum  differs  from  the 
T.  trangvalienee  phase  of  T.  thmUri,  in  which,  according  to  the  data 
^ven  by  Luhs,  this  distance  is  about  50  per  cent  of  the  whole.  Here 
again  it  agrees  with  T.  vfratHewski,  althou^  even  in  the  latter  the 
nucleus,  according  to  the  published  figures,  is  hardly  so  far  forward. 

OOMOLTTSIONa. 

1.  TrypOTiototrui  americamtm  lives,  in  all  probability  as  a  typical 
trypanosome,  in  the  blood  of  perhaps  76  per  cent  of  yearling  and 

*  adult  American  catde,  but  is  not  present  in  young  calves, 

2.  It  comee  very  close  to  T.  wrublevielei  of  the  European  bison, 
and  may  be  only  a  variety  of  that  species. 

3.  Removal  &om  the  circulating  blood  stimulates  multiplicative 
energy,  apparently  merely  as  the  result  of  a  cooler  environment. 

4.  Removed  from  the  cow  and  placed  imder  appropriate  conditions, 
multiplicative  eneigy  runs  far  in  advance  of  growth  energy;  hence — 

5.  The  tiypanosomes  divide  and  redivide  very  rapidly,  and  in 
consequence  become  smaller  than  the  blood  forms. 

6.  At  the  end  of  a  few  days,  multiplicative  energy  weakening, 
the  organisms  have  an  opportunity  to  grow  and  to  reach  their 
normal  size. 

7.  The  aduJts  are  at  fiist  very  slender,  but  in  time  increase  in 
breadth  and  may  become  very  large. 
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8.  As  the  cultures  roach  and  pass  their  lUMriTTui  the  mdividuals 
become  club-sh&ped  and  eventually  transfonn  into  rounded  or 
oral  elements,  provided  each  with  a  long  flageUum. 

0.  Changes  in  the  morpholt^  of  the  nuclear  extern,  and  in  the 
texture  and  chemical  nature  or  composition  of  the  cytoplasm, 
accompany  changes  in  the  facies  of  the  entire  oiganism. 

10.  A  diatioguishing  chvactAr  is  the  situation  of  the  trophonucleus, 
which  is  normally  at  iha  union  of  the  anterior  and  middle  thirds. 
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LETTER  OF  TRANSMITTAL. 


U.  S.  Department  of  Aokicdltdbe, 

BuHEAn  or  Animal  Industry, 
Waahingion,  D.  C,  August  31,  1911. 
Snt:  In  1908  there  was  published  as  Bulletin  105  of  this  bureau  a 
paper  entitled  "  Varieties  of  Cheese :  Descriptions  and  Analyses,"  by 
Mr.  C.  F.  Doane,  of  the  dairy  division  of  this  bureau,  and  Dr.  H.  W. 
Lawson,  of  the  Office  of  Experiment  Stations  of  this  department. 
As  the  supply  of  that  bulletin  is  exhausted,  and  as  it  has  been  found 
desirable  to  make  a  few  additions  and  some  slight  revisions,  I  have 
the  honor  to  transmit  herewith  the  copy  for  a  revised  edition  and  to 
recommend  that  it  be  issued  as  a  new  bulletin.  A  few  new  varieties 
have  been  added  and  certain  descriptions  in  the  first  edition  have 
been  revised  to  conform  to  present  usage. 

As  was  stated  in  transmitting  the  original  manuscript,  the  work  is 
a  compilation  of  descriptions  and  analyses  of  all  the  varieties  of  do- 
mestic and  foreign  cheese  about  which  it  has  been  possible  to  obtain 
such  information  in  the  literature  bearing  upon  the  subject.  In  a 
number  of  cases  only  meager  details  could  be  secured,  and  owing  to 
the  size  of  the  work  the  descriptions  are  necessarily  of  a  very  con- 
densed nature. 

Eespectfully,  A.  D.  Melvin, 

Chief  of  Bureau. 
Hon.  James  WiiaoN, 

Secretary  of  Agriculture.  • 
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VARIETIES  OF  CHEESE:  DESCRIPTIONS  AND  ANALYSES. 


INTRODUCTION. 

The  amount  of  cheese  imported  into  the  United  States  is  increaS' 
mg  rapidly.  During  the  six  years  from  1900  to  1909,  inclusive,  the 
value  of  the  imports  increased  from  $1,946,033  to  $3,875,161.  Italy 
and  Switzerland  supplied  the  bulk  of  this  cheese,  most  of  the  re- 
mainder coming  from  France  and  Holland.  The  best  known  of  the 
varieties  of  cheese  imported  were  the  Parmesan  and  Gorgonzola 
from  Italy,  the  Emmental  from  Switzerland,  the  fioquefort,  Camem- 
bert  and  Brie  from  France,  and  the  Edam  from  Holland.  The 
growing  demand  for  cheese  is  not, -however,  confined  to  these  well- 
known  varieties,  much  interest  being  manifested  in  many  kinds  as 
yet  of  very  little  commercial  importance  but  highly  esteemed  in  the 
localities  where  produced. 

Attempts  hare  long  been  made  in  this  country  to  imitate  some  of 
the  European  varieties,  and  in  some  instances  the  results  hare  been 
decidedly  successful.  The  manufacture  of  Swiss,  or  Emmental,  and 
of  Limburg  types  has  become  well  established.  The  investigations 
conducted  at  the  Storrs  Agricultural  Experiment  Station  in  Con- 
necticut have  shown  that  cheese  of  the  Camembert  type,  equal  in 
every  way  to  the  imported  article,  may  be  produced  in  the  United 
States.  This  department  is  cooperating  in  investigations  of  this 
kind,  and  recently  results  have  been  obtained  which  make  it  prac- 
tically certain  that  a  cheese  of  the  nature  of  Roquefort  or  Stilton 
can  likewise  be  produced  in  this  country. 

Information  concerning  the  manufacture  and  composition  of  the 
numerous  varieties  of  cheese  is  not  very  accessible  to  English  readers 
and  the  apparent  need  of  some  work  of  reference,  in  connection  at 
least  with  the  importation  and  home  production  of  cheese,  has  there- 
fore led  to  the  preparation  of  the  descriptive  notes  and  the  compila- 
tion of  the  analytical  data  contained  in  this  bulletin. 

The  descriptions  are  for  the  most  part  based  upon  data  contained 
in  treatises  on  dairying  and  in  articles  in  foreign  periodicals.  While 
in  many  instances  they  are  very  incomplete  and  possibly  at  times 
inaccurate,  they  nevertheless  contain  in  condensed  form  practically 
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all  the  important  information  that  it  has  been  possible  to  secure  in 
an  extended  search  through  the  literature  relating  in  any  way  to 
the  subject.  Owing  to  the  large  number  of  publicaticms  consulted, 
it  has  seemed  impracticable  to  give  references  to  the  descriptive 
matter. 

The  analyses  have  been  compiled  in  most  instances  from  the  origi- 
nal publications.  In  all  cases,  hoifever,  the  sources  of  the  data  have 
been  given  in  the  list  of  references  which  follows  the  table  of  an- 
alyses. Xo  effort  has  been  made  to  collect  the  numerous  analyses  of 
filled  cheese,  and  in  the  case  of  American  Cheddar  cheese  only  a  part 
of  the  available  data  has  been  included  in  the  compilation. 
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DESCRIPTIONS  OF  VARIETIES  OP  CHEESE. 

ABBRTAM. 

TblB  fa  a  hard  rennet  cheem  made  from  bleep's  milk  la  the  region  of  Carlsbad, 
Bohemia. 

ALBHTEJO. 

Tbis  name  ia  applied  to  rattaer  soft  cheeses  made  in  the  Province  of  Alemtejo, 
PortngaL  Tbe^  are  crllodrlcnl  In  shape  and  are  made  In  three  Hlzea  avenging 
In  weight  about  2  onncea.  1  pound,  and  4  ponnda,  respectivelf.  They  are  made 
for  the  moat  part  from  the  milk  of  abeep,  though  goat's  milk  Is  often  added, 
espectallr  for  the  smaller  sizes.  The  milk  Is  warmed  and  curdled  usuallf  with 
an  extract  prepared  from  the  flowers  of  a  kind  of  thistle.  The  cheeses  are 
ripened  for  several  veAB. 

ALPIN. 

This  Is  a  kind  of  Mont  d'Or  cheese  made  In  the  Alpine  regions  of  France.  It 
la  also  known  aa  ClSrlmbert  The  milk  Is  coagulated  with  rennet  at  SO*  F.  in 
2  honrs.  The  curd  Is  dipped  into  molds  3  to  4  Inches  la  diameter  and  2}  Inches 
In  height  The  cheese  is  allowed  to  drain  and  Is  tamed  several  times  during 
one  day,  after  which  It  Is  salted  and  ripened  for  8  to  15  dafs. 

ALTENBURO. 

This  ia  a  goat'a-milk  cheese  made  In  Oerman;,  where  it  ia  known  as  Alten- 
burger  Zlegenk^se.  A  cheese  Is  8  Inches  In  diameter,  1  to  2  Inches  In  thickness, 
and  weighs  about  2  pounds. 

AMBBRT. 

This  cheese,  known  as  Fourme  d'Ambert,  Is  a  cylindrical-shaped  Imitation 
Roquefort  cheese  made  from  cow's  milk.  It  Is  aaid  to  differ  from  other  forma 
at  blue  or  Imitation  Roquefort  cheese  made  In  the  southeastem  part  of  France 
In  that  the  salt  la  mixed  with  the  curd  rather  than  rubbed  on  the  surface  of  the 
cheese. 

ANCIBN  IMPERIAL. 

The  curd  Is  prepared  in  the  same  manner  for  this  cheese  as  for  NeufchdteL 
The  cheese  la  about  2  Inches  square  and  one-half  inch  thick.  It  Is  also  known 
as  Petit  Carr6  and  when  ripened  as  Carr£  Affln^.  The  cheese  Is  sold  and  con- 
sumed both  while  fresh  and  after  rlp^iiog.  The  ripening  process  Is  not  essen- 
tially different  from  that  of  Nenfch&tel. 

APPBNZELL. 

Thia  cheese,  which  Is  very  similar  to  Emmental,  Is  made  In  the  Canton  of 
Appenz^  Switzerland,  and  also  In  Bavaria  and  Baden.  It  Is  usually  made  of 
eklm  milk,  but  sometimes  of  whole  milk. 
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BACK8TBIM. 

BackBteln,  meaning  brick,  1b  bo  called  from  Ita  shape,  but  It  la  not  Identical 
with  tbe  Brick  cheese  made  In  the  United  States.  The  process  of  manufacture 
Is  Bimllsr  to  that  of  Llmbarg. 

BAHBURY. 

This  was  a  soft,  rich  cheese,  vei?  popular  In  nitgiw^  In  the  early  part  of  the 
ulneteoitb  century.    It  was  a  cylindrical  cheese  about  1  Inch  thick. 

BARBERBY. 

This  la  a  soft  rennet  cheese  resembling  Camembert  and  deriving  Its  name 
from  tbe  village  of  Barberey,  near  Tropes,  France.  It  Is  also  commonly 
known  as  Fromage  de  Troyes.  The  milk  while  atUi  fresh  and  warm  Is  coagu- 
lated with  rennet,  the  time  allowed  being  usually  about  4  hours.  The  uncut 
curd  Is  put  Into  a  wooden  mold  having  a  perforated  bottom.  After  draining 
for  3  hours  tbe  cheese  la  turned  Into  an  earthenware  mold,  tbe  wooden  one 
being  removed  after  24  houra  The  cheeses  are  salted,  dried  In  a  well-venti- 
lated room,  and  ripened  for  about  3  weeks,  usually  In  a  subterranean  curing 
room.  In  summer  the  cheese  Is  often  sold  without  rtpealng.  A  cheese  la 
0  to  6  Inches  tn  diameter  and  H  Inches  In  thlcknees. 

BATTLBMAT. 

This  Is  an  Emmental  cheese  made  In  the  Canton  of  Tessln,  Switzerland,  In 
the  western  part  of  Austria,  and  In  the  northern  part  of  Italy.  It  la  recom- 
mended for  localities  where  a  great  quantity  of  mltk  can  not  be  obtained. 
The  cheese  Is  circular  in  form,  about  IS  Inches  in  diameter  and  4  inches  high, 
and  weighs  from  40  to  60  pounds.  It  la  cooked  at  a  slightly  lower  temperature 
than  the  Emmental  and  Is  a  little  softer  when  ripened.  It  ripens  more  rapidly 
than  the  Emmental,  being  ready  for  market  In  about  4  months. 

BAUDBH. 

BaudenkUse  is  a  sour-milk  cheese  made  tn  the  herders'  hots  in  tbe  mountains 
between  Bohemia  and  Silesia  In  essentially  tbe  same  manner  as  HarzkSse. 
It  Is  made  up  In  two  forms,  one  conical  with  a  diameter  and  a  height  of  3) 
Inches,  and  the  other  cylindrical,  with  a  diameter  of  5  Inches  and  a  height  of 
2)  Inches.     It  is  also  known  locally  as  KoppenkHse. 

BELGIAN  COOKED. 

The  milk  which  has  been  allowed  to  curdle  spontaneously  Is  skimmed  and 
tbe  curd  heated  to  130°  to  140°  F,  and  then  placed  In  a  cloth  and  allowed  to 
drain.  When  dry  It  Is  thoroughly  kneaded'  by  hand  and  Is  allowed  to  undergo 
fermentation,  which  takes  ordinarily  from  10  to  14  days  in  winter  and  6  to  8 
days  In  summer.  When  the  termaitatlon  Is  complete,  cream  and  salt  are 
added  and  the  mixture  is  heated  gently  and  stirred  until  bomogoieous,  when 
it  ts  put  Into  molds  and  allowed  to  ripen  for  8  days  longer.  A.  cheese  ordinarily 
weighs  about  31  pounds.  It  is  not  essentially  different  from  other  forms  of 
cooked  cheese. 

BBLLBLAY. 

ThlE  1b  a  soft  rennet  cheese  made  from  whole  milk  and  sometlmee  called 
Tete  de  Molne,  and  Monk's  Head.  .This  cheese  originated  with  tbe  monks  of 
tbe  Canton  of  Bern,  Switzerland,  in  the  fifteenth  century,  and  is  made  ^- 
cluslvely  in  that  locality  at  the  present  time. 
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The  sweet  milk  la  set  at  about  00°  T.  with  Bufflclent  reonet  to  coagulate  it  in 
20  to  30  mloutea.  The  card  la  cut  comparatWelr  fine  and  Is  atlrred  while  being 
heated  alowlj  to  a  temperature  of  110°.  It  la  cooked  much  firmer  than 
Llmburg  and  not  so  firm  aa  Bmmental. 

When  cooked  the  cnrd  is  dipped  Into  woodoi  hoopa  lined  with  cloth.  The 
cheesee  are  pressed  in  rotation  for  a  few  minutes  at  a  time,  one  press  being 
used  for  a  number  of  cheeses.  After  pressing,  the  cheeses  are  wrapped  In  bark 
for  a  couple  of  weds,  or  until  Otey  are  Arm  enough  to  require  no  support 
They  are  cured  In  a  moist  cellar  at  a  comparatively  low  temperature,  as  It  is 
not  desired  to  bare  ^es  derdop.  The  cheese  when  ready  for  market  has  a 
diameter  of  7  incbea  and  weighs  from  9  to  IS  pounds,  it  ripens  In  about  12 
montha  and  will  ke^  for  3  or  4  years.  It  has  a  soft  buttary  consistency  and 
can  be  spread  on  bread  for  eating. 

BBRGQUARA. 

This  is  a  Swedish  cheese  resembling  Gouda.  It  was  known  in  Sweden  in  the 
dgbteenth  century. 

BLEU. 

The  names  I%t6  Bleu  and  Fromage  Bleu  are  applied  to  several  kinds  of  hard 
rennet  cheese  made  from  cow's  milk  In  Imitation  of  Roquefort  cheese  In  the 
southeastern  part  of  France^  Owing  to  the  mottled,  marbled,  or  veined  appear- 
ance they  are  also  designated  Fromage  PersIIie.  Among  these  are  Gex,  Sas- 
senage,  and  SeptmonceL  This  name  Is  also  applied  locally  to  several  more  or 
less  distinct  kinds  made  In  the  regions  of  the  Auvergne  and  Aubrac  Mountains 
and  designated  Bleu  d'Auvergne,  Cental,  Gulole  or  I^gulole,  and  St.  Flour. 
Other  cbeeses  of  this  order  mentioned  as  made  in  France  are  Qneyras,  Cham- 
pol6on,  Sarras,  and  Jonmlac 

BOUOANNE. 

This  is  a  French  cheese  made  from  cow's  milk.  The  milk,  either  whole  or 
skimmed,  is  heated  to  about  8S°  F.,  enffldent  roinet  Is  added  to  secure  coagula- 
tion In  1  hour,  and  the  curd  Is  cut  to  the  size  of  peas,  stirred,  and  heated  to 
100°  or  above.  After  standing  for  10  to  15  minutes  the  curd  is  pressed  by  hand 
and  put  Into  molds  S  Inches  In  diameter  and  3  Inches  tn  belght  Tbe  cheeses 
ore  drained,  turned  freqnoitly,  salted,  and  ripened  for  2  to  3  months. 

BOX  {FIRM}. 

This  cheese,  known  In  different  localities  where  made  as  Hohenburg,  Mondsee, 
and  Welhenstephan,  Is  made  from  whole  cow's  milk  and  Is  a  rather  firm  rennet 
cheese.  Tbe  flavor  is  said  to  be  mild,  but  piquant.  The  milk  Is  heated  to  90° 
to  03°  F.  in  a  kettle.  Is  colored  with  saffron,  and  set  wltb  sufficient  rennet  to 
curdle  It  in  20  to  2S  minutes.  Tbe  cnrd  Is  cut  up  as  flue  as  peas  and  the  con- 
tents of  the  kettle  are  heated  very  slowly  to  n  temperature  of  105°,  being  stirred 
meanwhilft  The  Are  is  thai  removed  and  the  curd  allowed  to  settle  for  5  min- 
utes, when  the  whey  is  dipped  off.  The  curd  Is  then  dipped  Into  a  cloth  and  from 
this  Is  scooped  into  hoops.  Light  pressure  ts  applied  and  in  IS  mlnatee  the 
cheese  Is  turned,  and  the  turning  Is  repeated  frequently  for  several  hours.  Tbe 
cheese  Is  kept  In  a  well-ventilated  room  at  60°  for  3  to  5  days,  after  which  it  Is 
taken  to  the  cellar.  It  la  salted  by  rubbing  or  sprinkling  salt  on  the  Burface. 
BipenlDg  requires  from  2  to  3  months.  The  cheese  weighs  from  1  to  4  pounds, 
and  Is  undoubtedly  similar  to  the  Brick  cheese  of  the  United  States. 
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BOX  (SOFT). 

TUfl  la  a  rennet  cbeeae  made  from  partlmlly  akliiuDed  cow's  milk  and  known 
locally  aa  ScbacbteikBaa  It  Is  a  rather  nnlmportant  Tarlety  produced  Id  WQrt- 
temberg  In  a  amall  locality  called  Hobenbelin,  a  name  which  the  cheese  often 
take& 

In  jftflk'ng  this  cheese  the  akimmed  ercning'a  milk  la  mixed  with  tlie  whole 
momine's  milk,  or  a  part  of  the  milk  is  akimmed  with  a  centrlfnge  and  la  mixed 
with  an  eqnal  Tolnme  of  whole  milk.  The  cheeae  is  made  In  a  capper  kettle. 
The  fflllk  la  warmed  to  110°  F.,  coloKd  with  aaffron,  and  rmnet  added.  It  Is 
allowed  to  stand  for  one  to  one  and  one-half  honra  hefore  cnttlng.  The  card  ia 
cnt  into  rather  coarse  particles,  after  which  It  Is  allowed  to  stand  for  a  few 
mlnntes,  when  the  whe;  Is  dipped  off,  and  for  every  200  ponads  of  milk  aaed  a 
amall  handful  of  caraway  seed  la  added.  The  card  Is  then  dipped  into  hoops  6) 
inches  in  height  and  the  same  in  diameter.  It  remains  In  these  hoops  for  10 
honrs  and  Is  freqnoitly  tamed,  after  which  It  Is  tnnafared  to  a  wooden  hoop 
only  one-balf  as  high,  where  It  remains  for  12  hours.  The  cheese  is  then 
st)rlukled  with  salt  and  pat  in  the  ripening  cellar,  where  It  remains  abont  3 
montbs. 

A  soft  remet  cheese  known  as  Fromage  de  Bolts  is  made  In  the  mountalna  of 
Donba,  France,  In  the  fell.    It  resembles  Pont  I'fiveqoe. 

BRA. 

This  cheese  Is  made  by  nomads  In  the  r^on  of  Bra  1b  Piedmont,  Italy.  It  Is 
a  hard  rennet  cheese  weighing  about  12  ponnda  The  mflk,  which  la  partly 
skimmed.  Is  heated  to  about  90°  F.,  and  snfflcient  rennet  is  added  to  coagulate  It 
In  30  to  40  minutes.  The  cnn]  Is  cnt  to  the  size  of  rice  grains  and  the  wh^ 
removed  after  about  one-half  of  an  honr.  The  cnrd  la  pnt  Into  a  form  about  12 
inches  In  diameter  and  S  Inches  In  height  and  subjected  to  pressure  for  12  to  24 
honra  It  Is  salted  by  Immersion  In  brine  and  also  by  sprinkling  salt  on  the 
aurbca    The  cheese  Is  then  ripened. 

BRAND. 

This  Is  a  Qerman  hand  cheese  weighing  abont  one-third  of  a  pound,  made  from 
sonr-mllk  cnrd  cooked  at  a  little  higher  temperature  than  ordinarily  practiced. 
Tbe  cnrd  la  salted  and  allowed  to  fermoit  one  day.  It  Is  then  mixed  with 
butter,  pressed  Into  shape  and  dried,  and  finally  placed  In  kegs  to  ripen,  during 
which  process  It  Is  moistened  occasionally  with  beer. 

BRICK. 

The  exact  derivation  of  this  name  Is  not  known.  It  may  have  been  adopted 
because  of  tbe  shape,  or  because  <rf  the  fact  that  bricks  are  naed  almost  esclu- 
alvely  for  weighting  down  the  press.  Brick  cheese  Is  a  rennet  cheese  made  from 
unskimmed  cow's  milk,  and  is  purely  an  American  product  In  characteristics 
it  Is  about  halfway  between  LImburg  and  Emmenta).  It  has  a  strong,  sweetish 
taste,  a  sort  of  elastic  texture,  and  many  small  round  eyes  or  holes.  It  is  made 
about  10  by  6  by  8  inches  in  size,  Tbere  are  many  fectortes  making  this 
product,  especially  In  southern  Wisconsin. 

Perfectly  sweet  milk  Is  set  In  a  vat  at  S6°  F.  with  sufflctent  rennet  to  coagulate 
it  In  20  to  30  minutes.  The  card  is  cut  with  Cheddar  curd  knives,  and  Is  th» 
heated  to  110°  to  120°  and  stirred  constantly.  The  cooking  Is  continued  ontll 
the  cnrd  baa  become  firm  enough  so  that  a  handful  squeend  togetlm-  wiU  Call 
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apart  Trbea  released.  The  card  Is  then  dipped  into  the  mold,  nbtch  1b  a  heavy 
rectangnlar  box  without  a  bottom  and  wfth  elits  sawed  In  the  sides  to  allow 
drainage.  The  mold  Is  set  on  the  draining  tables  a  follower  Is  pnt  on  the  curd, 
and  one  or  two  bricks  are  used  on  each  cbeese  for  pressure.  The  cheeses  are 
allowed  to  remain  In  the  molds  for  21  hours,  when  they  are  removed,  rubbed  all 
orer  with  salt,  and  piled  three  deep.  The  salting  Is  done  eacli  daj'  for  3  days, 
after  which  the  cheese  la  taken  to  the  ripening  cellar,  which  should  have  a  tem- 
perature of  from  90*  to  65'  and  be  comparatively  moist  Ripening  requires  2 
months. 

BRICKBAT. 

This  Is  a  rennet  cheese  made  as  early  as  the  elghte«ith  coitnry  In  Wiltshire, 
Itagland.  It  Is  made  from  fresh  milk,  to  which  a  small  portion  of  cream  has 
bfl^  added.  The  milk  Is  set  at  about  90°  F.  and  allowed  to  stand  2  honrs  before 
the  curd  Is  disturbed.  The  cnrd  Is  cut  coarse,  dipped  Into  woodoi  forms,  and 
U^t  pressure  applied.  The  cheese  Is  said  to  be  fit  for  consumption  for  one 
year  after  being  niad& 

BRIE. 

This  is  a  soft  rennet  cheese  made  from  cow's  milk.  The  cheese  varies  In  sise 
and  also  In  quality,  depending  on  whether  whole  or  partly  dimmed  milk  la 
used.    The  metbod  of  manufacture  closely  resembles  tliat  of  Camembert 

This  cheese  has  been  made  In  France  for  several  centuries.  Mmtlon  was 
made  of  It  as  early  as  1407.  It  Is  made  throughout  France,  but  more  ezt«ai- 
alvely  In  the  Department  of  Sehie  et  Marne,  In  which  It  doubtless  originated. 
This  department  contains  Meaux,  Coulomtnlers.  and  Melun,  places  noted  for 
their  manufacture  of  Brie  dieese,  though  often  under  local  names.  More  or 
leas  Buccessful  Imitations  of  tbis  cheese  are  made  In  other  countries.  It  was 
estimated  that  7,000,000  pounds  of  Brie  cheese  was  sold  In  Paris  during  1000. 
The  ^port  trade  Is  also  very  Important. 

The  milk  used  Is  usually  perfectly  freslL  It  Is  not  uncommon,  howevw,  to 
mix  the  evening's  milk,  when  kept  cool  over  night,  with  the  morning's  milk. 
Some  artificial  coloring  matter  is  added  to  the  milk,  which  Is  then  set  with 
rennet  at  a  temperature  ol  80°  to  8S°  F.  After  standing  undisturbed  for  about 
2  honre  the  curd  Is  dipped  Into  forms  or  hoops,  of  which  there  ore  three  elKes 
In  common  nse.  The  largest  size  Is  about  IS  Inches  In  diameter,  the  medium 
sise  about  12  Inches  In  diameter,  and  the  amallest  size  about  6  Inches  In  diam- 
eter. These  vary  In  height  from  2  to  3  Inches.  After  drainage  for  24  hours 
without  pressure  being  applied,  the  hoops  are  removed  and  the  surface  of  the 
cheese  Is  sprinkled  with  salt.  Charcoal  Is  sometimes  mixed  with  the  salt  used. 
The  cheese  Is  then  transferred  to  the  first  curing  room,  which  Is  kept  dry  and 
well  ventilated.  After  remaining  In  this  room  for  about  8  days,  the  cheese 
becomes  covered  with  mold.  It  Is  then  transferred  to  the  second  curing  room 
or  cellar,  which  Is  usually  very  dark.  Imperfectly  vmtllated,  and  has  a  tem- 
perature of  about  eo*  P.  The  cheese  remains  here  for  from  2  to  4  weeks  or 
until  the  conslstaicy  and  odor  indicate  that  It  Is  sufficiently  ripened.  The  red 
coloration  which  the  surface  of  the  cheese  finally  acquires  lias  been  attributed 
to  an  organism  designated  BaeUlKt  flrmatatU.  The  ripening  Is  due  to  one  or 
more  species  of  molds  which  occur  on  the  surface  and  produce  enzyms  wlUch  In 
turn  cause  a  gradual  and  progressive  breaking  down  of  the  casein  from  the 
exterior  toward  the  center.  The  Interior  of  a  rlp^wd  cheese  varies  in  con- 
sistency from  waxy  to  Msntllqnld  and  has  a  very  pronounced  odor  and  a  sharp 
cbBiactolBtlo  taste. 
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BSINSBN. 

This  cbeese,  tnown  locallf  ae  Laadocb,  ZIk  Uptaa.  Stetiaibtlrgen,  MeuBobl, 
AltBohl,  and  Klencz,  la  made  In  tbe  Carpathian  Uonntalua  of  Hungary  from 
sheep's  mllb,  or  a  mixture  of  sheep's  and  goat's  milk. 

The  cheese  le  made  in  small  lots,  ooly  2  to  4  gallons  of  milk  being  used  at 
one  time.  This  Is  put  Into  a  kettle  when  fresh  and  Bufflclent  rennet  Is  added 
with  the  milk  at  a  temperature  ot  from  75°  to  85°  P.  to  secnre  coagttlatlon  In 
IS  minutes.  The  cord  Is  brokai  np  and  the  whey  dipped  and  the  curd  Is 
placed  In  a  Iln^i  sack  and  allowed  to  drain  for  24  houra  It  is  then  cut  into 
pieces  and  placed  on  a  board,  where  with  frequent  turnings  It  ia  allowed  to 
remain  until  It  ccmunences  to  get  smeary,  which  requires  about  8  days.  The 
pieces  are  then  laid  one  on  top  of  anotlier  in  a  vessel  holding  from  40  to  60 
pounds,  where  they  remain  for  24  hours,  after  which  they  are  rranoved,  the 
rind  cut  away,  and  the  curd  or  partially  cured  cheese  broken  up  in  another 
veBseL  After  10  houra  salt  1b  stirred  is  and  the  curd  run  through  a  mill  which 
cuts  it  very  fine,  when  It  te  paclied  In  a  tub  witli  beech  shavings. 

BROCCIO. 

This  is  a  sour-milk  cheese  made  from  sheep's  milk  in  Corsica.  It  Is  some- 
times mixed  with  sugar  and  mm  and  made  Into  small  cakes.  It  fs  similar  to 
Ziger. 

BURGUNDY. 

TUe  cheese,  known  In  France  as  Fromage  de  Bourgogne,  Is  described  as  a 
soft,  white,  loaf-shaped  cheese  weighing  about  4  pounds. 

BUTTERMILK. 

This  cheese,  which  la  made  from  the  curd  of  buttermilk,  Is  of  somewhat  doer 
grain  tliaA  skimmed-mllk  cottage  cheese,  which  It  closely  resembles.  Butter- 
milk of  0.5  or  0,6  per  cent  acidity  la  run  Into  a  steam-heated  rat  or  starter  can, 
or  placed  in  a  pall  which  can  be  heated  In  a  tub  of  hot  water.  The  buttermilk 
Is  stirred  and  heated  to  75'  to  78°  F.,  then  covered  and  left  for  1}  to  2  hours. 
The  temperature  is  then  raised  to  140°  F.,  and  In  about  1  hour  the  curd  settles 
to  the  bottom.  Tbe  whey  Is  removed  and  the  curd  transferred  to  a  draining 
cloth  or  t)ag  for  about  10  hours.  It  should  be  stirred  occasionally  while  drain- 
ing. When  dry  the  cord  Is  salted,  put  up  in  small  packages,  and  wrapped  in 
parchment  paper. 

CACIOCAVALLO. 

This  is  a  somewhat  peculiar  kind  of  cheese  made  from  either  whole  or  partly 
Bklmmed  cow's  millc  Various  explanations  have  been  made  as  to  the  origin  of 
the  name,  which  means  literally  horse  cheese.  One  explanation  offered  is  that 
the  cheese  was  originally  made  In  tbe  r^on  of  Monte  Cavallo,  and  another  is 
that  tbe  imprint  of  a  horse's  heed  was  made  In  each  cheese  as  the  trade-mark 
of  the  original  manufacturer.  The  original  home  of  this  cheese  was  southem 
Italy,  but  It  Is  now  made  extensively  In  northern  Italy  aa  well.  The  history 
of  the  cheese  dates  back  several  centuries. 

The  temperature  of  the  coagulation  of  the  milk  with  rennet  varies  greatly 
but  Is  usually  from  90°  to  95*  F.  The  time  allowed  for  coagulation  Is  also 
variable.  tKing  usually  about  one-half  hour.  The  curd  Is  cut  very  floely  and 
sometimes  allowed  to  fermott  for  24  hours,  when  it  is  heated  by  means  of  vary 
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hot  waUx,  OF  more  coDunoaly  bot  wb^,  and  sabBequentlr  worked  by  hand 
antU  all  the  whey  La  expresaed  and  tbe  curd  becomes  homogenous  and  capable 
or  being  drawn  oat  Into  long  threads.  It  is  then  molded  Into  aor  desired  shape 
and  salted  by  ImmerBlon  In  brine  for  about  2  days.  The  cheeses  are  sus- 
pended In  pairs  from  the  celling  and  lightly  smoked.  The  snrtace  may  be 
rubbed  with  olive  oil  or  batter.  They  are  kept  In  a  cool,  dry  room  until  sold. 
As  seen  on  the  market  ther  vary  much  In  size  and  shape.  On  an  average  they 
weigh  about  3  pounds.  The  most  common  shape  is  that  resembling  a  beet, 
a.  constriction  near  the  top  tielng  due  to  the  string  which  Is  tied  around  the 
cheese  for  the  purpose  of  hanging  it  up.  This  cheese  is  sometimes  eaten  while 
comparatively  fresh,  bnt  Is  more  frequently  k^t  for  months  and  then  grated 
and  used  for  flavoring  soups  and  as  en  addition  to  macaroni  and  similar  foods. 
A  small  quantity  is  imported  Into  the  United  States. 

CAERPHILLY. 

Tills  Is  a  hard  rennet  cheese  made  In  Wales  from  nnsklnuned  cow's  milk. 
The  milk  is  set  very  sweet  at  a  temperature  of  86°  F.  with  enough  rennet  to  co- 
agulate It  In  1  hour.  The  curd  Is  cut  in  i-Inch  cubes  and  stirred  for  1  hour  with- 
out further  heating.  It  Is  tben  put  In  cloths  and  subjected  to  light  pressure  for 
an  hour  and  is  again  broken  up  flue  and  put  to  press,  wliere  it  remains,  with 
dally  changing,  for  3  days.  Daring  this  time  one-half  ounce  salt  to  each  pound 
of  curd  Is  rubbed  on  the  surface.  Bach  cheese  weighs  about  8  pounds.  The 
cheese  requires  about  S  weeks  for  ripening,  at  a  temperature  of  66°  to  70°. 

CAMBRIDGE. 

This  is  a  soft  rennet  Cngllsb  cheese  made  from  cow's  milk.  Milk  is  set  at 
00°  F.  and  rennet  added.  At  the  end  of  1  hour  the  card  is  dipped  into  molds 
without  cutting  and  allowed  to  stand  for  30  hoars,  when  it  is  ready  for  eating. 

CAHBMBBRT. 

This  Is  a  soft  rennet  cheese  made  from  cow's  milk.  A  typical  cheese  Is  about 
4}  Inches  in  diameter  and  li  Inches  thick  and  Is  usually  found  on  the  market  in 
this  country  wrapped  in  paper  and  inclosed  In  a  wood^i  box  of  tbe  same  shape. 
The  cheese  OBoally  has  a  rind  atiout  one-eighth  of  an  inch  in  thickness,  which 
Is  composed  of  molds  and  dried  cheese.  The  interior  Is  yellowlah  In  color  and 
waxy,  creamy,  or  almost  fluid  In  consistency,  depending  largely  upon  the  degree 
of  ripeness. 

Camembert  cbeefie  is  said  to  have  originated  in  1791  in  the  locality  from  which 
it  derives  Its  name  in  the  Department  of  Ome,  in  the  northwestern  part  of 
France.  The  Industry  extended  soon  into  Calvados,  and  these  two  Departments 
are  still  the  principal  seat  of  the  Industry.  Cheese  of  the  same  type,  however, 
is  made  In  other  parts  of  France  and  also  In  other  countries;  among  these  are 
Compiegne,  Contentin,  Pavilion,  Soumalntrain,  and  Thury-en-Valols.  Very  suc- 
cessful results  have  be&a  obtained  at  the  Storrs  Agricultural  Experiment  Sta- 
tion In  Connecticut. 

Camembert  cheese  Is  made  from  whole  fresh  milk  or  from  milk  which  has 
t)een  partly  skimmed.  The  evening's  milk  may  be  skimmed  and  mixed  with  the 
fresh  morning's  milk.  The  temperature  of  setting  Is  about  80°  to  SB"  F.,  and 
the  qnantlty  of  rennet  added  for  this  purpose  Is  suffleienl  to  secure  the  desired 
degree  of  firmness  in  about  2  houra  The  curd  is  then  transferred,  usually  with 
as  little  breaking  up  as  possible,  to  perforated  tin  forms  or  hoops  about  4} 
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btchee  In  diameter  and  the  same  In  helglit  These  rest  npon  rosli  mats  vbldi 
permit  free  drainage.  Tbe  flillng  of  tbe  roims  may  be  done  at  two  or  tliree 
times  separated  b^  abort  intervale  allowed  for  the  cord  to  settle.  Eacli  fonn 
holds  the  equivalent  In  cnrd  of  about  2  quarts  of  milk.  After  draining  for  about 
18  hours,  and  pr^erebly  In  a  room  having  a  uniform  temperature  of  65°  to  70°, 
tbe  cheeBe  la  turned.  This  1b  repeated  freqoently  for  about  2  days,  wtien  the 
cheese  Is  removed  from  tbe  forme  and  salted  on  tbe  oatslde.  Two  or  three  darn 
later  tbe  cheese  Is  transferred  to  a  well-voitllated  room,  wbK«  the  rlpoilns 
I'rocess  begins.  Tbe  cheese  remains  here  for  16  to  20  days,  dnrlng  which  time 
It  Is  turned  very  frequently  and  the  surface  becomes  covered  with  molds,  whlcb 
gradually  produce  a  breaking  down  of  the  casein.  It  ts  tb«i  taken  to  the  cur- 
ing cellar,  where  tbe  ripening  process  Is  completed  In  about  3  we^s,  when  it  Is 
packed  and  marketed. 

CANQUILLOTB. 

TblB  is  a  sklm-milk  cheese  made  In  the  eastern  part  of  France.  It  Is  also 
known  locally  as  Fromagftre  and  Tranpete.  Tbe  milk  Is  allowed  to  coagulate 
spontaneously,  after  whlcb  it  Is  heated  g«itly  and  the  whey  drawn  off.  The 
curd  le  pressed  In  order  to  remove  as  much  of  tbe  whey  as  possible,  crumbled 
line,  and  fermented  at  a  temperature  of  about  TO"  F.  for  2  or  3  days,  dur- 
ing which  time  It  Is  stirred  frequently.  When  the  cheese  has  acquired  Its 
characteristic  taste  it  is  melted  with  tbe  addition  of  water,  salt,  ^ga,  and 
butter  and  put  Into  molds  of  various  kinds. 

CANTAL. 

This  is  a  hard  rennet  cheese  made  from  cow's  milk  more  or  less  skimmed. 
Its  manufacture  Is  extensive  in  tbe  Department  of  Cental,  France.  It  is  also 
known  as  Auvergne  or  Auvergne  Blue  on  account  of  Its  being  manufactured  In 
tbe  region  of  tbe  Auvergne  Mountains.  Locally  the  cheese  Is  commonly  known 
as  Fourme.  The  cheese  Is  doubtless  a  very  old  variety,  and  the  method  of 
manufacture  has  remained  quite  primitive.  The  milk,  usually  fresh  but  some- 
timeB  several  hours  old,  Is  set  with  rennet  at  a  temperature  of  atraut  8fi*  F.,  the 
time  allowed  for  coagulation  being  about  30  minutes.  The  curd  Is  then  cut  very 
finely  and  tbe  whey  dipped  off.  The  curd  is  subjected  to  pressure  In  order  to 
remove  as  much  of  the  whey  as  possible,  and  Is  allowed  to  fenn«it  for  24  hours, 
which  process  Is  considered  very  important  Tbe  curd  la  then  broken  up  by 
hand  or  by  machinery  and  salted  at  tbe  rate  of  2.G  to  3  per  cent  Wh«a 
thoroughly  kneaded  It  is  put  into  hoops  alxiut  14  inches  In  diameter.  Pressnre 
is  applied  for  about  2  days,  during  which  time  it  is  turned  very  frequently. 
The  cheese  Is  next  transferred  to  the  cnring  cellar,  where  It  remains  for  6 
weeks  to  a  months.  The  yield  of  cheese  la  usually  10  to  11  per  cent  of  the 
ivelgbt  of  tbe  milk.    A  rlpoied  cheese  weighs  from  40  to  120  pounds. 

CHAMPOL&ON. 

Champolton,  or  Queyrae,  is  a  tiard  rennet  cheese  made  from  skim  milk  in  the 
Department  of  Hautes-Alpes,  France. 

CHAOURCE. 

This  Is  a  soft  whole-mllk  rennet  cheese  resembling  Camembert  and  deriving  its 
name  from  tbe  village  of  Chaource.  in  the  Department  of  Aube^  France,  It  la 
about  4  Inches  in  diameter  and  3  inches  thick. 
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chaschOl  db  chaschosis. 

TbiB  cbeese  Is  made  In  the  Canton  of  Grlaous,  Switserland.  It  Is  a  hard  rai- 
net  cheese  made  from  skimmed  cow's  mtlk.  The  cheeses  are  18  to  22  Incbes  In 
diameter,  3  to  1  Inches  high,  and  weigb  from  22  to  40  pounds. 

CHEDDAR. 

This  cheese  Is  so  named  from  the  village  of  Cheddar  In  SomersetBhlre,  Eng- 
land, where  It  was  first  made.  It  Is  a  com[>&ratlTely  old  cheese,  though  the  gen- 
alne  Cheddar  process  as  tt  Is  now  known  is  not  old.  Cheddar  cheese  is  an  ex- 
ceedingly popular  variety,  being  much  used  as  a  food  product  In  America  and 
England.  It  Is  probably  tbe  most  important  of  all  cheeses  as  regards  the  quan- 
tity made  annually.  The  term  Cheddar  as  used  at  tbe  preset  time  applies 
usually  to  a  process  of  making  rather  than  to  any  particular  shape  of  cheese. 
Tbe  name,  however,  Is  occasionally  used  to  designate  a  certain  slse  of  cheese  14 
to  16  Incbes  In  diameter,  and  weighing  from  00  to  100  pounds.  Cheese  made  by 
the  Cheddar  process  has,  however,  many  different  shapes  with  distinguishing 
names,  such  as  Flats,  which  have  the  same  diameter  as  tbe  Cheddar  size,  hat 
weigh  only  30  to  40  pounds;  Daisies,  which  are  12  Inches  In  diameter  and  weigh 
20  pounds :  Young  Americas,  which  are  8  Inches  lu  diameter  and  weigh  8  to  12 
pounds;  Ixing  Horns,  which  are  5  Inches  In  diameter  and  weigh  12  pounds;  and 
Squares,  which  are  of  various  sizes  and  nanally  S  to  4  Inches  tblck.  The  cheese 
may  be  white  or  colored  yellow,  and  It  may  be  almost  fresh  or  tborougbly  ripened 
and  broken  down.  It  Is  made  from  sweet  cow's  milk,  wtiich  may  be  sblmmed, 
partly  skimmed,  or  nnstclmmed.  Wlien  made  from  ansklmmed  milk  the  cheese 
la  called  "  full  cream ;  "  wboi  otherwise,  it  la  called  "  part  skim  "  or  "  skim." 

Ttw  milk,  morning's  and  evening's  mixed,  Is  set  at  85*  F.  with  sufilclent  rennet 
to  coagulate  to  the  proper  point  In  from  25  to  40  minutes.  At  the  time  of  set- 
ting the  milk  should  have  an  acidity  of  about  0.18  to  0.20  per  cent.  Color  may 
or  may  not  be  used.  The  curd  Is  cut  when  tt  breaks  evenly  before  the  finger. 
Tbe  cutting  Is  done  with  curd  knives.  These  knives  are  made  up  of  blades  set 
about  one-third  of  an  Inch  apart  in  frames.  In  one  frame  the  knives  ore  set  per- 
pendicularly and  In  the  other  horlzootally.  When  well  cut  the  curd  is  In  uni- 
form cubes  of  about  one-third  of  an  inch. 

After  cutting  the  curd  Is  heated  slowly  and  with  contlnned  stirring  nutll  it 
reaches  a  temperature  of  from  96°  to  108".  With  the  nse  of  mechanical  agita- 
tors, as  is  the  common  practice,  tbe  curd  should  be  heated  about  4  degrees 
blgber  than  when  stirring  Is  done  by  band.  After  beating  the  stirring  is  con- 
tinued intermittently  until  the  curd  Is  suffldently  firm.  This  Is  determined  by 
SQueering  a  handful,  which  should  fall  apart  Immediately  on  being  released. 
The  whey  Is  then  drawn.  At  tbe  same  time  the  acid  should  have  reached  about 
0.20  per  cent  or  one-fourth  of  an  inch  on  the  hot  Iron,  which  latter  Is  determined 
by  measuring  the  length  of  strings  when  tbe  cnrd  is  touched  to  a  hot  Iron.  Tlie 
card  is  tbcm  matted  about  4  Incbes  deep,  sometimes  In  the  bottom  of  the  vat, 
sometimes  «mi  racks  covered  with  a  coarse  linen  doth.  After  it  baa  remained 
here  long  enou^  to  stick  togeHter  It  Is  cut  Into  rectangular  pieces  easy  to  handle, 
which  are  turned  frequently  and  finally  piled  two  to  four  deep;  In  the  mean- 
while tbe  temperature  of  the  card  Is  kept  at  about  00*.  When  the  curd  has 
broken  down  until  It  has  the  smooth  feeling  of  velvet,  which  requires  from  one 
to  three  hours.  It  Is  milled  by  means  of  a  machine,  which  cats  It  Into  pieces  tbe 
size  of  a  finger.  It  Is  then  stirred  on  the  bottom  of  the  vat  until  whey  ceases  to 
run,  which  requires  from  one-half  to  one  and  one-half  bourse  v/h&x  it  Is  salted  at 
tbe  rate  of  2  to  2}  pounds  of  salt  to  100  ponnds  of  mltk.  It  Is  then  ready  to  put 
In  press.    Tbe  cnrd  Is  put  into  tinned  iron  hoops  of  the  proper  sUe,  whl<A  are 
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lined  with  cbeese-cloth  bandages.  The  boopa  are  put  In  preeaes  and  great  pres- 
anre  la  applied  b;  means  of  screws.  The  next  morning  the  cheese  la  removed 
from  the  hoops  and  put  on  Bhelvea  In  a  curing  room.  Formerly  the  cheese  waa 
kept  tn  a  curing  room  aa  long  aa  9  months,  but  at  the  present  time  It  la  corered 
with  a  coat  of  paraffin  and  put  In  cold  storage  when  3  to  12  days  of  age.  There 
la  a  growing  demand  on  the  part  of  consumers  for  mild  cheese,  and  conaequently 
ripening  most  be  carried  on  at  a  temperature  below  SO*. 

An  Important  point  In  the  proceea  of  manufacturing  Cheddar  cheeoe  la  the 
development  of  the  desired  amount  of  acid.  A  maximum  quantity  In  the  wbc^ 
that  can  be  developed  without  Injuring  the  texture  of  the  cheese  la  aimed  at, 
and  the  proper  breaking  down  of  the  card  before  milling  and  salUug  Is 
attributed  to  the  acid.  It  la  very  probable  that  too  much  weight  has  beea 
placed  on  the  desirability  of  a  maximum  development  of  acid,  and  that  prac- 
tically as  good  cheese  can  be  produced  without  the  high  add. 

Some  of  the  detalla  in  tbe  manufacture  of  Cheddar  cheese  are  varied  to 
some  est«it,  and  other  names  may  be  naed  to  designate  tbe  cheese  so  niBd& 
A  stirred  curd  cheese  Is  one  where  tbe  curd  particles  are  not  allowed  to  mat 
together  after  the  whey  Is  drawn.  The  curd  la  stirred  at  Intervals  to  prevent 
this  matting  process,  bnt  It  differs  from  the  aweet  curd  cheese,  aa  acid  Is  allowed 
to  develop  before  salting  and  pressing.  Formerly  there  was  a  comparatively 
large  goantlty  of  stirred  curd  cheese  made,  but  there  Is  very  little,  if  any,  made 
at  tbe  present  time. 

A  washed  curd  cheese  varies  from  the  r^nlar  Cheddar  process  In  having  the 
milled  curd  subjected  for  a  short  period  to  cold  water.  This  process  is 
evidently  practiced  to  force  the  curd  to  take  up  a  small  percentage  of  the 
water  and  Increase  the  yield.  It  results  In  a  cheese  which  apparently  breaks 
down  or  ripens  much  more  rapidly  than  cheese  made  In  the  ordinary  way. 
This  ripening  Is  very  likely  not  due  to  the  excess  of  molatnre  but  to  some 
other  unexplained  reason.  Some  States  have  prohibited  tbe  use  of  the  State 
brand  on  washed  curd  cheese. 

CHESHIRE. 

This  cheese  Is  one  of  the  oldest  and  most  popular  of  the  English  varieties. 
It  la  a  rennet  cheese  made  from  unskimmed  cow's  milk,  and  ts  named  for 
Chester  County,  England,  where  It  Is  largely  produced.  It  Is  made  tn  cylin- 
drical shape  from  14  to  16  inches  la  diameter,  and  weighs  SO  to  70  pounds. 
In  making  this  cheese  aufflcleit  annatto  ts  used  to  give  the  product  a  very 
high  color.  The  process  of  manufacture  varies  In  detail  In  dlfferoit  aectltma. 
Perfectly  sweet  milk,  night's  and  morning's  mixed,  is  set  at  a  temperature  of 
from  TS°  to  90°  F.  The  cord  is  cut  In  1  boar,  usually  with  an  Instrument  In 
which  knives  are  set  In  a  frame  to  cut  cubes  1  to  1}  Inches  square.  This  Is 
pushed  down  through  the  curd  and  dually  worked  back  and  forth  at  an  angle. 
This  Is  continued  until  the  particles  of  curd  are  the  size  of  peas,  which  requires 
about  1  hour.  Tbe  cnrd  Is  then  allowed  to  settle  and  mat  on  the  bottom  of 
the  vat  for  about  an  hour,  when  it  Is  rolled  up  to  one  end,  weighted  down, 
and  the  whey  dravm  after  the  desired  d^ree  of  acidity  has  been  obtained. 
Tbe  curd  Is  cut  In  pieces  the  right  size  to  handle  and  Is  piled  on  racks;  It  is 
then  run  through  a  curd  mill,  salted  at  the  rate  of  3  potmds  to  1,000  pounds 
of  tnllk,  and  put  Into  a  hoop  havli^  a  number  of  holes  In  the  side  throngh 
which  skewers  can  be  tbmst  Into  the  cheese  to  promote  drainage.  The  cheeae 
tn  the  hoop  Is  put  In  a  heated  woodra  box  called  an  oven,  and  sometimes  light 
pressure  Is  applied,  the  preasure  Increasing  gradually  until  It  reaches  about 
1  ton.  Tbe  curing  cellar  or  room  la  about  60*  to  60*.  From  8  to  10  monttaa 
la  required  for  tborougb  ripening. 
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I     CHB8HIRE-3TILTON. 

This  Is  a.  combln&tlon  of  the  Cheshire  utd  Stilton  varletlea  of  cheeae  In 
which  the  gtnenl  charactcrlsUcs  of  site  and  shape  and  nmnnftirtiire  of  the 
Cheshire  Is  retained,  and  a  growth  of  the  mold  peculiar  to  Stliton  is  secured. 
Tbe  mold  Is  secured  by  keeping  ont  each  dar  a  small  pwtlcm  of  cnrd  and 
mixing  it  with  some  cord  Id  which  the  mold  la  growing  well. 

CHIAVARL 

This  is  a  sonr-mllk  cheese  made  In  the  region  of  ChiaTari,  Italy,  ttotn  whole 
cow's  milk.  It  Is  also  known  as  Cado  Branano.  A  hard  rennet  cheese  made 
In  the  same  r^on  is  also  known  by  this  name. 

COHUISSION. 

This  cheese  Is  made  in  HoUand  and  resembles  Bdam  In  the  process  of  manu- 
facture, but  It  has  a  sIlghtlT  ditfer^t  shape,  b^ng  flattened  at  the  aids.  It  is 
said  to  be  made  from  whole  cow's  milk. 

COTHSRSTONB. 

This  is  a  rennet  cow's-milk  cheese  made  in  Torlcshire,  En^and,  and  resembles 
the  well-known  Stilton  cheese  of  that  country.  It  Is  a  local  product  manufac- 
tured only  on  a  small  scale.    It  has  also  been  known  as  Yorkshire-Stilton. 

COOKBD. 

This  kind  of  cheese  Is  so  called  because  the  cnrd  is  heated  to  the  melting  point 
in  Its  monntactura  It  is  made  from  fresh  curd  prepared  by  breaking  up  and 
heating  the  cnrd  of  sour  dabbered  milk.  When  cooled  suffldently  this  curd  Is 
placed  In  a  receptacle  and  allowed  to  stand  for  8  or  4  days  until  It  has  became 
colored  throughout.  It  is  then  put  Into  a  kettle  over  a  Ore;  salt,  milk,  and 
uaoally  caraway  seed  are  added,  and  the  whole  is  stirred  vigorously  until  it 
becomes  of  the  conslstmcy  of  thick,  molasses,  or  nntU  it  strings  when  a  spoon 
is  withdrawn.  The  mass  can  then  be  put  Into  molds  nnttl  it  becomes  cold,  or 
placed  In  a  vessel  for  keying.  It  gets  hard  with  cooling  and  will  retain  the 
shupe  of  the  mold. 

Cooked  cheese,  made  In  northern  Oermany,  Is  called  Topfoo,  and  e  similar 
product  made  tn  Sardinia  Is  called  Stelsa,  and  Paneddas.  The  same  kind  of 
cheese  made  In  Belgium  is  called  Belgian  cooked  cheese.  Similar  kinds  are 
made  In  other  countries. 

COTTAOB. 

This  is  a  sonr-mllk  dieese  made  nrt^islTely  in  this  country,  where  It  Is  often 
called  Dutch  cheese,  and  Smeorcase.  It  is  manufactured  usually  In  a  very 
small  way,  but  occaslonftlly  It  Is  made  In  large  factories.  Skim  milk  is  allowed 
to  soar  and  the  cnrd  Is  then  broken  up  and  hdd  at  a  temperature  of  about 
100°  F.  for  3  to  4  honrs,  or  until  it  has  become  suffldoitly  firm.  The  whey  is 
then  drained  off  and  the  curd  placed  under  slight  pressure  for  a  tlma  The  curd 
Is  either  consumed  immediately  or  Is  packed  in  tubs  and  placed  In  cold  storage. 
It  Is  prepared  for  eating  by  moistening  with  either  milk  or  cream.  Sometimes 
It  Is  made  up  Into  shapes  and  wrapped  In  tin  foil.  No  ripening  is  ever  allowed. 
10415'— Bull.  146—11 2 
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COULOHHISRS. 

Ttilfl  li  a  Bmall-atzed  Brie  cbeeae  6  to  6  Inches  In  dlametn  and  1  Inch  In 
thickness,  and  weighing  about  1  ponnd.  It  Is  made  In  the  raglon  of  Conlom- 
mlen,  France. 

CBKAM. 

Ooiuine  cream  cheese  Is  made  from  a  rich  cream  thickened  by  souring,  or 
from  sweet  cream  thickened  with  rennet  This  Is  put  In  a  cloth  and  allowed  to 
drain,  the  cloth  being  changed  several  times  daring  the  draining,  which  re- 
qnlres  about  4  days.  It  1b  then  placed  on  a  board  covered  with  a  cloth,  sprinkled 
with  salt,  and  turned  occaBloaally.  It  is  ready  for  consumption  In  from  6  to  10 
days. 

Another  variety  of  cream  cheese  Is  made  from  cre&m  with  a  low  content  of 
fat  (12  to  IS  per  cent).  The  cream  Is  cnrdled  wUh  rennet,  brakes  np  to  allow  a 
part  of  the  whey  to  escape,  and  Is  thai  mixed  and  worked  Into  almost  a  paste. 
This  Is  then  molded  Into  pieces  weighing  2  to  4  ounces,  which  are  wrapped  In 
tin  foil  and  placed  on  the  market  without  curing.  It  is  a  very  mild  and  a  very 
rich  cheese  and  Is  manufactured  on  an  extensive  scale  by  a  few  large  factories 
Id  the  United  States. 

A  so-called  double-cream  cheese,  known  In  France  as  Fromage  Double  Crime, 
Is  made  by  coagulating  a  mixture  of  milk  and  cream  and  putting  this  Into  a 
cloth  and  allowing  It  to  drain  thoroughly,  when  It  Is  salted,  kneaded,  and  molded 
Into  any  desired  shape.    It  1h  eaten  fresh.    The  Gervals  Is  a  cbeeae  of  this  kind. 

A  French  cream  cheese,  Fromage  &  la  Crfme,  Is  prepared  by  mixing  sweet 
cream  with  well-ripened  sour-milk  curd  or  rennet  curd.  Another  French  cream 
cbeeae,  which  contains  considerable  salt  as  a  preservative.  Is  known  as  Demi- 
se!. There  are  In  addition  several  cream  cheeses  having  specific  names,  such 
as  Pblladelphla  Cream. 

In  the  United  States  cream  cheese  is  usually  sold  under  some  trade  name, 
such  as  Philadelphia  Cream.  The  manufacturers  In  this  country  have  in  some 
cases  attempted  to  vary  this  cheese  by  the  use  of  some  flavoring  matter  or 
condlmecL 

CRBUSB. 

This  Is  a  sklm-milk  farm  cheese  made  In  the  departm^t  of  the  same  name  In 
Prance.  Coagulation  Is  secured  either  by  the  addition  of  a  small  quantity  of 
rennet  or  by  heating  the  sour  milk.  When  set  with  rennet  the  period  required 
Is  usually  12  hours.  The  curd  Is  put  Into  earthenware  molds  about  7  inches  In 
diameter  and  S  to  6  Inches  in  height,  the  bottom  and  aides  bdng  perforated. 
After  draining  for  several  days  the  cheese  Is  removed  from  the  molds,  salted, 
and  turned  frequently.  It  becomes  in  time  very  dry  and  bard  and  may  be 
preserved  for  a  year  or  longer.  The  cheese  Is  also  ripened  by  placing  In  tightly 
closed  receptacles  lined  with  straw.  In  which  cose  it  becomes  yellow  and  soft 
and  acquires  a  very  pronounced  taste. 

CRIST  ALINNA. 

This  Is  a  hard  rennet  cheese  made  from  cow's  milk  In  the  Canton  of  Qrau- 
bundm,  Switzerland. 

DAMEN. 

This  Is  a  soft  uncured  rennet  cheese  made  from  cow's  milk  In  Hungary  and  is 
much  In  demand  In  the  marketa  of  Tloma.    It  Is  sometimes  known  as  QlolM 
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DANISH  EXPORT. 

Thla  cheese  Is  made  la  some  of  the  creameries  of  Dounark  to  fumlsb  an 
oatlet  for  the  Bklm  milk  and  the  buttermilk.  In  the  process  of  manufaAure  as 
high  as  16  per  cent  of  fresh  buttermilk  1b  added  to  the  Aim  milk.  The  mixture 
Is  set  at  98°  F.  with  Bafflclent  ramet  to  coagulate  In  26  minutes.  The  card  la 
carefnllr  aod  evenly  cut,  stirred  for  a  few  minutes,  dipped  Into  forms  having 
rounded  bottoms,  kneaded,  pressed  down,  and  Anally  covered  with  a  board,  upon 
which  a  weight  ts  placed.  Twelve  hours  later  the  cheeses  are  placed  In  a.  brine 
tank  for  24  hours,  when  thej  are  taken  out  and  covered  with  salt  for  a  short 
time.  They  are  then  transferred  to  the  ripening  room,  where  the  temperature 
Is  about  6S°,  and  are  turned  and  wiped  with  a  cloth  everyday  for  5  weeks.  The 
cheeses  are  cylindrical  In  shape  and  are  small  and  flat 

DERBYSHIRE. 

This  Is  a  hard  rennet  cheese  made  from  whole  coWs  milk  in  Derbyshire,  Eng- 
land. It  Is  cylindrical  In  shape-aad  about  the  size  of  the  Cheshire,  though  often 
smaller.  It  Is  made  usually  in  farm  dairies,  and  because  of  this  fact  the  rize 
varies  with  the  size  of  the  herd.  The  quality  also  varies  to  such  an  extent  that 
very  few  really  good  cheeses  can  be  found.  Night's  milk  In  which  the  develop- 
ment of  acid  has  been  prevented  as  much  as  possible  Is  mixed  with  the  morning's 
milk,  and  the  whole  la  set  at  a  temperature  of  80°  F.  The  setting  period  Is  1 
hour,  and  the  curd  Is  allowed  to  become  very  firm  before  cutting.  The  curd 
Is  cut  to  the  size  of  a  pea  and  after  being  allowed  to  settle  Is  piled  In  the  center 
of  the  vat,  where,  after  the  whey  Is  removed,  It  Is  subjected  to  light  pressure. 
The  curd  Is  cut  and  again  piled  and  heavier  pressure  applied.  This  Is  repeated 
until  the  curd  reaches  a  certain  degree  of  firmness,  when  It  Is  run  through  at 
mill  and  salted  at  the  rate  of  1  pound  of  salt  to  1,000  pounds  of  milk.  It  lb 
then  put  in  a  press  for  1  hour,  when  it  Is  removed  and  the  surface  ot  the  cheese 
scalded  for  1  minute  In  water  heated  to  150°.  It  Is  put  back  In  the  press  for  C 
hours,  the  pressure  applied  being  gradUHlly  Increased,  when  It  is  salted  on  the 
surface  and  again  pressed.  The  pressing  continues  for  3  days,  the  cheese  being 
salted  each  day.  The  curing  room  Is  kept  preferably  at  60°,  and  the  time 
required  for  curing  Is  from  3  to  4  months. 

A  cheese  called  Gloucester  made  In  the  county  ot  Gloucester,  England,  is  said 
to  be  Identical  with  Derbyshire  cheese.  Double  Gloucester  Is  Identical  with 
single  Gloucester  In  all  respects  but  size.  It  Is  twice  as  thick  as  a  single 
Gloucester,  hence  the  name.  Wiltshire,  Lelcesterehtre,  and  Warwickshire 
cheeses  belong  to  the  Derbyshire  type. 

DEVONSHIRE  CRBAM. 

Id  making  thla  cheese  the  cream  Is  allowed  to  rise  for  several  hours,  when 
the  milk  with  the  layer  of  cream  Is  scalded.  It  Is  that  set  away  for  a  short 
time  In  order  that  the  layer  of  cream  may  harden.  The  cream  Is  then  put  Into 
small  molds  and  placed  upon  straw  mats  to  drain.  After  becoming  hard  enough 
to  retain  Its  shape  It  Is  ready  for  market 

DORSET. 

Dorset,  or  Blue  Dorset,  Is  a  cbeese  resembling  In  character  and  method  of 
manufacture  the  better  known  Stilton.  It  Is  named  from  Dorsetshire,  Ehigland, 
In  which  it  Is  made. 
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DOTTER. 

TblB  cheese  la  said  to  liave  been  made  bj  G.  Leachs,  In  Numberg,  b^  mlxlns 
tbe  yoUc  of  egge  with  skim  milk  and  making  this  mixture  Into  cheese  In  the 
usual  way. 

DRY. 

This  cbeese,  known  also  as  Sperrk&se  and  TrockenUse,  Is  made  In  the  east- 
ern part  of  the  Bavarian  Alps  and  In  the  Tyrol,  In  the  small  dairies  of  those 
localities.  It  Is  an  extremely  simple  product  made  for  home  consumption,  and 
Is  made  only  In  the  winter  season,  when  the  milk  can  not  be  profitably  used 
for  other  purposes.  As  soon  as  the  milk  Is  skimmed  It  Is  put  Into  a  large  kettle 
which  can  be  swung  over  a  Are.  Here  It  Is  kept  warm  nntU  It  Is  thoroughly 
thickaied  from  souring.  It  Is  then  broken  up  and  cooked  quite  Arm.  A  Btnall 
quantity  of  salt  and  sometimes  some  caraway  seed  are  added,  and  the  curd  U 
put  Into  forms  of  various  sizes.  It  Is  then  placed  In  a  drying  room,  where  it 
becomes  very  bard,  when  It  Is  ready  for  eating. 

DUEL. 

This  Is  a  soft  cured  rennet  cheese  made  from  cow's  mllfc.  It  Is  sn  Austrian 
product,  2  by  2  by  1  inches  In  slse. 


This  was  formerly  the  national  cheese  of  Scotland,  but  It  bos  been  almost 
superseded  by  the  Cheddar,  which  It  resembled. 

EDAM. 

This  Is  a  bard  rennet  cheese  produced  In  Holland ;  It  Is  also  known  as  Katzen- 
kopf,  Tete  de  Maure,  and  Manbollen.  The  best  of  the  product  Is  made  of  un- 
skimmed cow's  milk,  but  much  of  It  at  the  present  time  Is  made  trom.  milk 
which  has  had  at  least  one-half  of  the  fat  removed.  The  cheeses  are  round 
and  are  colored  deep  red  on  the  surface  or  wrapped  In  tin  folL 

The  perfectly  fresh  milk  Is  set  at  90°  to  95°  F.  Color  Is  added  and  sufflclait 
rennet  Is  used  to  coagulate  the  milk  In  15  mloutea  The  curd  Is  cut  and  after 
a  very  short  stirring  la  allowed  to  settle  to  the  bottom,  when  the  whey  Is  dipped 
off.  The  curd  Is  gathered  In  a  pile  and  pressure  Is  applied  tor  a  short  time  to 
e^ipel  the  whey.  Care  Is  taken  In  the  meanwhile  that  the  curd  does  not  get 
below  82°  or  above  90°.  The  curd  Is  then  ready  for  the  press.  Sometimes 
wooden  molds  are  used,  but  the  best  are  made  of  Iron.  An  attempt  Is  made  to 
put  Just  Bufflcleut  curd  Into  the  mold  to  make  a  perfect  sphere  when  pressed. 
When  the  mold  Is  half  full  a  little- salt  Is  added.  When  the  mold  Is  full.  It  Is 
pressed  lightly  until  the  cheese  will  hold  Its  form,  when  It  Is  taken  out  and  Im- 
mersed In  water  for  two  minutes  at  125°.  The  cheese  Is  then  put  Id  the  press, 
where  It  remains  for  12  hours.  It  Is  then  removed  from  one  mold  and  placed 
In  another  form  resembling  the  mold  but  without  a  cover,  and  having  a  hole 
leading  from  the  bottom.  The  cheese  is  salted  by  rubbing  nit  oa  the  surface. 
Sometimes  It  Is  kept  In  a  salt  bath  for  a  day  before  putting  salt  on  the  surface. 
Following  the  salting,  the  cheese  Is  washed  in  hot  whey,  and  the  surface  Is 
scraped  smooth.  It  Is  then  taken  to  the  ripening  cellar,  which  should  have  a 
temperature  of  betwf«n  50°  and  T0°.  Here  It  Is  turned  dally  for  a  time  and 
finally  twice  a  week.  In  the  meanwhile  It  Is  occasionally  moistened  with  cold 
water  or  fresh  beer.    When  the  cheese  Is  1  month  old  it  Is  washed  In  water  at 
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TO*  tor  20  minntes  and  then  placed  In  the  snn  to  dry,  after  which  It  Is  rubbed 
with  linseed  olL  Before  shipping  the  cheese  Is  colored,  usnallj  red,  but  tor 
some  markets  It  Is  colored  yellow  with  annatto.  This  coloring  Is  done  with  a 
watery  solution  of  litmus  and  Berlin  red,  or  with  carmine.  A  conBiderable 
quantity  of  this  cheese  Is  Imported  Into  the  United  States.  At  the  present  time 
some  Edam  cheeses  are  Inclosed  In  alr-tlgbt  tins  for  export 

RLBINO. 

This  Is  a  West  Prussian  bard  rennet  cheese  made  from  cow's  milk  which, 
during  the  wlnt^,  is  partly  skimmed,  but  at  other  times  left  whole.  It  Is 
known  also  B8  WerderkUse  and  NledemngsUse.  Enough  rennet  Is  added  to 
the  milk  at  a  temperatnre  of  80°  F.  to  coagulate  It  tn  from  15  to  30  minutes. 
The  curd  Is  cut  and  cooked  to  100°,  salted  In  the  granular  state,  and  pressed 
for  12  hoara  A  cheese  Is  10  to  20  Inches  In  diameter  and  3  to  4  Inches  In 
thickness.    Ripening  requires  about  1  month  at  a  temperature  of  7S°. 

BMMBNTAL. 

This  a  hard  rennet  cheese  made  from  unskimmed  cow's  milk,  and  has  a 
mild,  somewhat  sweetish  flavor.  It  Is  characterized  by.  holes  or  eyes  which 
detelop  to  about  the  size  of  a  penny  In  typical  cheeses  and  are  situatal  from 
1  to  3  Inches  apart  Cheese  of  the  same  kind  made  In  the  United  States  is 
known  as  Domestic  Swiss,  and  that  made  In  the  region  of  Lake  Constance  Is 
called  Algau  Emmental.  Other  local  names  are  Bellunese,  Formagglo  Dolce, 
Pontine  d'Aosta.  and  Thraanen. 

Emmental  cheese  originated  tn  Canton  Bern,  Talley  of  Emmental,  Switzer- 
land. It  Is  a  very  old  rarfety.  In  the  middle  of  the  fifteenth  century  a  cheese 
probably  of  this  type  was  manufactured  In  the  Canton  of  Emmental,  In  the 
middle  of  the  seventeenth  century  the  Industry  was  well  developed  and  genuine 
Emmental  cheese  was  being  exported.  In  1722  Its  manufacture  nnder  the  name 
of  GniyCre  Is  recorded  In  France,  two  cooperative  societies  having  heas  oi^an- 
Ized  for  this  purpose. 

Emmental  cheese  Is  now  manufactured  In  every  civilized  conntry.  In  the 
United  States  there  are  many  &ctories,  located  principally  In  Wisconsin,  New 
York,  and  Ohio.  In  Switzerland  the  greater  part  of  the  milk  produced  Is  made 
Into  this  product,  and  large  dletrlcts  in  France  and  northern  Italy  are  devoted 
to  its  manufacture.  The  beat  of  the  product  made  In  Switzerland  Is  exported, 
about  S,000,000  pounds  coming  to  the  United  States  annually.  The  Imported 
cheese  sells  in  this  country  at  about  25  cents  a  pound  wholesale,  and  the  do- 
mestic cheese  sells  at  about  14  cents.  Practically  as  good  cheese  can  be  manu- 
factured In  the  United  States  as  In  Switzerland,  but  prejudice,  combined  with 
the  fact  tliat  much  of  the  domestic  product  is  sold  as  imported,  has  held  the 
price  at  a  low  leveL 

Tbere  Is  a  slight  difference  In  manipulation  of  the  milk  In  making  Emmental 
cheese  In  this  country  as  compared  with  Switzerland.  In  the  latter  country  the 
evening's  and  morning's  milk  are  made  up  together,  while  In  the  United  States  It 
Is  popularly  believed  that  the  evening's  milk  must  be  made  Into  cheese  Immedi- 
ately after  milking,  as  Is  done  with  the  morning's  milk. 

In  making  the  cheese  In  Switzerland  the  evening's  milk  Is  skimmed;  the  fresh 
morning's  mllh  Is  heated  to  10S°  to  110°  F.  and  the  cream  from  the  evening's 
milk  Is  added  and  well  stirred  In.  The  cooled  erenlng's  milk  with  a  little  saf- 
fron Is  then  added  and  the  whole  is  mixed.  The  milk  Is  then  brought  to  a  tem- 
perature of  00°  in  summer  and  95* 'in  winter  and  sufficient  rennet  la  added  to 
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coagulate  ttae  milk  In  30  to  40  mtnntea.  The  whole  process  Is  carried  throagh 
In  a  buge  copper  kettle  holding  300  gBllons  of  milk.  The  rennet  nsed  Ib  the 
calTs  stomach  soaked  for  24  hourfi  in  whe?.  When  the  milk  has  thickened  to 
almoat  the  desired  point  for  cutting,  which  le  practically  the  same  as  for  ordi- 
nary American  or  Cheddar  cheese,  tlie  thin  surface  layer  la  scooped  off  and 
turned  bottom  side  up.  This  Is  supposed  to  aid  In  Incorporating  the  layw  of 
cream  with  the  cheese.  The  curd  is  then  cut  very  coarse  by  means  of  a  so-called 
barp.  The  cheese  maker  with  a  wooden  scoop  In  each  hand  then  dniwa  tbe 
maas  of  curd  toward  him,  that  lying  on  the  bottom  of  the  kettle  being  bron^t 
to  the  surface.  At  this  point  the  cheese  maker  and  an  assistant  commence 
stirring  tbe  curd  with  the  harp,  a  breaker  having  first  been  fitted  to  the  inside 
of  tbe  kettle  to  interrupt  the  curr«it  of  tbe  wb^  and  curd.  Tbe  harps  are 
given  a  circular  motion  and  cut  the  curd  very  fine — about  the  size  of  wheat 
kernels  or  smaller. 

After  tbls  stage  is  reached  heating  is  conmiHiced.  In  Switzerland  all  of  tbe 
heating  until  recently  was  done  over  an  open  Are,  the  kettle  being  swung  on  a 
large  crane,  and  most  of  tbe  factorlee  have  the  same  method  at  tbe  present  time. 
Id  this  country  tbe  same  method  was  followed  In  the  early  days  of  the  Industry, 
but  at  the  present  time  Inclosed  fireplaces  Into  wblcb  the  kettle  can  be  swung 
and  doors  closed  to  retain  tbe  heat  are  largely  employed.  This  takes  away 
mucb  of  the  discomfort  of  the  operation.  In  a  few  instances  tbe  kettles  are  set 
in  cement  and  an  Iron  car  containing  the  Are  la  run  under  It.  Tbe  more  modem 
factories  employ  steam,  and  tbls  appears  to  be  the  most  satisfactory  way. 
When  tbe  heating  Is  begun  tbe  contents  of  the  kettle  are  brought  rapidly  to  tbe 
desired  temperature,  which  may  be  from  126*  to  140°,  the  higher  temperature 
often  being  necessary  to  get  tbe  curd  anfflclently  firm.  The  stirring  In  tbe  mean- 
while continues  for  about  1  hour,  with  slight  Interruptions  near  the  end  of  the 
process  when  tbe  curd  has  become  so  firm  that  It  will  not  mat  together.  Tbe 
end  of  the  cooking  Is  determined  by  the  firmness  of  the  curd,  which  is  Judged 
by  matting  a  small  cake  wltb  pressure  by  tbe  hands  and  noting  the  ease  with 
which  this  cake  breaks  when  held  by  the  edge. 

When  the  curd  is  sufficiently  firm  tbe  contents  of  tbe  kettle  are  rotated 
rapidly  and  allowed  to  come  to  standstill  as  tbe  momentum  la  lost.  This  brings 
all  the  curd  Into  a  cone-sfaat^ed  pile  In  the  center  of  tbe  kettle.  One  edge  of  a 
heavy  linen  cloth  resembling  burlap  Is  wrapped  around  a  piece  of  hoop  Iron  and 
by  this  means  tbe  cloth  Is  slipped  under  the  pile  of  curd.  Tbe  mass  of  curd  Is 
then  raised  from  tbe  whey  by  means  of  a  rope  and  pulley  and  lowered  Into  a 
cheese  hoop  on  the  draining  table.  These  hoops  are  4  to  6  Inches  deep  and 
vary  greatly  In  diameter.  Tbe  cloth  la  folded  over  tbe  cheese,  a  large  follower 
Is  put  on  top,  and  the  press  Is  allowed  to  come  down  on  the  cheese.  Tbe  press 
la  usually  a  log  swung  at  one  end  and  operated  by  a  double  lever.  Pressure  is 
continued  for  tbe  first  time  Just  long  enough  for  the  curd  mass  to  retain  Its 
shape.  The  hoop  Is  then  removed,  the  cheese  turned  over,  and  a  dry  cloth  sub- 
stituted. The  cheese  Is  allowed  to  remain  in  the  press  about  24  hours,  during 
which  time  It  Is  turned  and  a  dry  cloth  substituted  several  times  (six  or  more). 

At  the  end  of  the  pressing  the  curd  should  be  a  homogeneous  mass  without 
holes.  Tbe  cheese  Is  then  removed  to  the  salting  board,  covered  with  a  layer  of 
salt,  and  turned  occasionally.  In  a  day  or  two  It  Is  put  in  the  salting  tank  In  a 
brine  strong  enough  to  float  an  egg;  It  remains  here  at  the  discretion  of  the 
cheese  maker  for  1  to  4  days.    Often  no  brine  tank  Is  used  with  Emmental 

Tbe  cheese  is  then  taken  to  the  curing  cellar.  In  the  best  factories  two  or 
more  cellars  with  different  temperatures  are  available,  and  tbe  cheeses  are 
placed  In  them  according  to  the  way  the  cheese  maker  thbiks  their  development 
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requtres.  If  It  appears  that  the  cbeeee  may  develop  too  tbat  and  have  too  many 
and  too  large  %yts,  the  cheese  Is  placed  In  a  cool  cellar ;  if  tbe  rererae  Is  true,  a 
warm  cellar  is  selected.  Tbe  cellars  vary  In  temperature  from  55°  to  65°, 
though  In  extreme  cases  70°  or  a  little  higher  mar  he  used.  While  the  cheeses 
are  In  the  rlpoilng  cellar,  which  In  Switzerland  may  be  6  to  10  months  or  longer, 
and  In  the  United  States  3  to  6  months,  they  should  be  tnmed  and  washed  every 
other  day  for  tbe  first  2  or  3  months  and  at  longer  Intervals  subsequently, 
and  at  the  same  time  a  little  coarse  salt  Is  sprinkled  on  tbe  surface.  In  a 
few  boars  this  salt  has  dissolved,  and  the  brine  Is  spread  over  tbe  surface  with 
a  limg-handled  brush. 

The  cheeses  are  very  large,  about  6  Inches  in  thickness  and  sometimes  as 
much  as  4  feet  In  diameter,  and  weigh  from  60  to  220  ponnds.  In  shipping,  a 
nnmber  of  them  are  placed  In  a  tub  which  may  contain  1,000  pounds  of  cheese. 
Sometimes  BmmentBl  cheese  Is  made  up  In  tbe  form  of  blocks  instead  of  like 
mlllstouee.  Tbe  blocks  are  about  28  Inches  long  and  8  Inches  square  In  the 
Other  dlmenslonB. 

ENGADINS. 


BNCILISH  DAIRY. 

This  name  Is  applied  to  a  very  tiard  cheese,  made  In  the  same  general  way  as 
Cheddar,  but  cooked  much  more.  This  cheese  has  been  made  mostly  In  the 
United  States.    It  Is  ased  for  culinary  purposes. 


This  Is  a  soft  rennet  cheese  made  from  whole  or  partly  skimmed  milk  In  the 
Department  of  GOte  d'Or,  France. 

BRVY. 

Ttiis  Is  a  soft  whole-milk  rennet  cheese  resembling  Camembert  and  deriving 
Its  name  from  the  village  of  Elrvy,  In  tbe  Departmait  of  Aube,  France.  A 
cheese  Is  about  T  Inches  In  diameter,  2)  Inches  tliick,  and  weli^s  abont  4  pounds. 

FARM. 

Tills  cheese,  made  In  France,  and  Imown  variously  as  Fromage  &  la  Pie,  Mou, 
Ualgre,  and  Ferme,  Is  essoitlally  the  same  as  oar  Cottage  cheese.  The  method 
of  making  la  very  simple.  When  the  skimmed  milk  has  become  curdled  tbe 
whey  Is  poured  off  and  tbe  curd  kneeded  and  molded  into  various  sizes  and 
shapes.  Draining  is  sometimes  iiastened  by  placing  a  board  and  weight  upon 
the  curd.  Salt  and  sometimes  sweet  cream  are  added.  The  cheese  is  consumed 
usually  on  the  farm  where  made,  either  while  fresh  or  after  it  has  undergone 
fermentation. 

FILLSD. 

Filled  cheese  Is  the  name  applied  to  cheese  from  which  the  butter  fat  tias  been 
removed  and  foreign  fats  added.  The  foreign  fat  is  added  by  stirring  It  vlo- 
Imtly  in  the  milk  and  setting  with  sufficient  rennet  to  coagulate  quickly.  Tlie 
rest  of  Qie  mann&cture  is  the  same  as  for  Cheddar  cheese.  Filled  cheese  was 
very  extensively  manufactured  In  the  United  States  for  a  number  of  years,  but 
State  and  Federal  laws  bave  made  this  no  longer  practical.  Many  of  the 
Enropean  varieties  of  cbeese  are  connterfelted  or  adulterated  In  tbe  same 
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TUB  cheese  Is  so  named  because  It  U  made  with  the  addition  of  the  petals  of 
TarlouB  kinds  of  flowers,  snch  as  roses  and  marigolds.  It  Is  a  soft  cared  rennet 
cheese  made  In  England  from  whole  cow's  milk. 

PORHAGSLLB. 

This  Is  a  small  soft  ripened  rennet  cheese  made  from  cow's  milk  in  the  north- 
western part  of  Italy. 

PORMAOGINI, 

TblB  name  Is  applied  to  sereral  kinds  of  small  Italian  cheeses.  The  kind 
designated  Formaggint  dl  Lecco  1b  a  small  cylindrical  dessert  cheese,  weighing 
about  2  onnces,  made  in  the  region  of  Lecco,  In  Lombardy.  It  Is  consumed  while 
fresh  and  sweet  and  at  all  stages  of  ripening  until  It  becomes  very  piquant. 
Sometimes  salt,  pepper,  sugar,  and  cinnamon  are  mixed  with  this  cheese,  and 
occasionally  oil  and  vinegar  are  added.  The  method  of  manufacture  Is  not 
essentially  different  from  that  of  other  soft  cbeeees.  Cow's  milk  Is  used  with 
the  addition  at  times  of  some  goat's  milk.  Remiet  Is  added  to  the  warmed 
milk,  which  Is  then  allowed  to  stand  for  24  hours  at  a  temperature  of  about 
66°  F.  The  card,  witli  as  little  breaking  up  as  possible,  Is  allowed  to  drain  for 
8  to  4  hours,  when  it  Is  salted  and  put  Into  cylindrical  molds  about  11  Inches 
In  diameter  and  2  Inches  high. 

FROMAGB  FORT. 

Several  kinds  of  cooked  cheese  pr«^red  In  France  are  known  by  this  name. 
In  the  Departmmt  of  AIn,  Fromage  Fort  Is  pr^wred  by  melting  well-drained 
sklm-mllk  curd,  putting  the  melted  mass  Into  a  doth,  and  subjecting  It  to 
pressure  and  afterwards  burying  It  In  dry  ashes  in  order  to  remove  as  much  of 
the  whey  as  possible.  The  mass  Is  then  grated  fine  and  allowed  to  ferment  for 
8  to  10  days,  after  which  milk,  butter,  salt,  pepper,  wine,  etc.,  are  added  to  It, 
and  the  mixture  is  allowed  to  undergo  further  fermentation. 

CanqnUlote,  Cancolllotte,  or  Fromag&re,  pr^Mred  In  the  eastern  part  of 
France,  Is  a  cheese  of  this  kind,  as  la  also  the  Fondue,  or  cooked  cheesy  of 
[jorraine. 

GAMliBLOST. 

Gommeloet  is  made  In  Norway  from  skimmed  sour  milk.  The  milk  Is  cooked 
or  wanned  in  a  kettle  and  allowed  to  stand  tor  1  hour  while  the  precipitated 
casein  gathers  at  the  bottom.  This  Is  taken  up  In  a  clotb.  and  the  whole  is  put 
Into  a  form  where  light  pressure  Is  applied.  The  cheese  sllll  in  the  cloth  In  the 
form  Is  put  In  the  hot  whey  tor  an  hour,  when  It  Is  again  placed  under  pressure 
for  a  short  period.  It  is  put  In  a  warm  place  and  turned  daily.  At  the  end  of 
14  days  It  la  packed  In  a  cheat  with  wet  straw.  The  cheeses  vary  In  weight  from 
24  to  66  pounds. 

GAUTRAIS. 

This  is  a  cylindrical  cheese  weighing  about  6  poands  and  very  closely  resem- 
bling Port  du  Salut     It  is  made  In  the  Departmait  of  Mayenne,  France. 


Tills  cheese  is  made  from  emr'e,  sheep's,  or  goat's  milk  in  the  Departmait  of 
~    *^es-Alpes,  France. 
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OEHBIURATH. 

ThiB  1b  a  cheese  made  In  small  quantities  In  Hollaod.  It  resembleB  a  small 
Oouda  cheese  In  quality  and  process  of  maaufactur&    It  Is  colored  a  deep  yellow. 

Tbls  is  a  soft  rennet  cheese  made  in  the  mountainous  r^lons  of  the  Vosgee, 
France.  The  name  la  a  comiptloD  of  G^rardmer,  a  village  In  the  region  where 
the  cheese  has  been  made  for  at  least  60  years.  The  variety  Is  very  similar  to 
MflDBter,  but  not  so  well  known. 

Cow's  milk  fB  used  almost  excluBtvely,  though  at  times  a  little  goat's  milk  1b 
added.  The  fresh  milk  la  set  with  r^met  at  a  temperatureof  about  80°  to  90°  P. 
In  about  one-half  hour  after  adding  the  rennet  the  curd  Is  cut  Into  ratber 
large  cubes  and  allowed  to  stand  for  about  1  hour  when  the  wbey  Is  dipped  off. 
The  curd  la  then  put  into  cylindrical  forms  or  hoops  6  to  T  inches  In  diameter. 
Formerly  these  were  made  of  wood,  one  being  placed  upon  another,  making  a 
total  height  of  14  to  16  Inches.  They  are  now  being  made  also  on  tin  and  In 
various  sizes.  The  cbeeses  are  turned  after  6  hours  and  again  after  12  hours. 
During  the  neit  2  or  S  days  they  are  turned  twice  daily,  tbe  hoops  being 
changed  each  time.  A  room  temperature  between  60°  and  70°  Is  desired  during 
this  process.  Tbe  cheeses  are  then  salted,  tbe  amount  of  salt  used  being  from 
3  to  3.5  per  cent  of  tbe  weight  of  the  cheese. 

The  cheeses  are  then  placed  In  a  well-ventilated  room  for  several  days  and 
when  sufficiently  dry  ere  transferred  to  the  curing  cellar.  Here  tbey  are  turned 
frequently  and  worked  with  warm  salt  water  to  prevent  the  growth  of  molds. 
Bipening  requires  from  6  weeks  to  4  months,  depending  upon  the  size  of  the 
cheese^  which  vary  In  weight  from  one-half  pound  to  5  pounds  or  more.  Anise 
Is  sometimes  incorporated  with  tbe  curd  before  putting  Into  the  forms.  Sach 
cheese  when  old  often  has  a  greenish  appearance. 

GBRVAIS. 

This  Is  a  French  cheese  made  from  a  mixture  of  whole  milk  and  cream.  Tbe 
mixture  Is  set  wttb  rennet  at  about  66°  F.,  tbe  time  required  being  about  12 
hours.  Tbe  curd  ts  then  Inclosed  In  cloth  and  hung  up  to  drain.  When  suffl- 
clently  dry  It  Is  salted  and  pressed  Into  molds.  The  molds  are  soon  removed  and 
the  cheese  Is  wrapped  la  paraffin  paper.  The  cheese  ts  usually  consumed  while 
fresh,  bat  may  be  kept  for  several  days. 

GEX. 

This  fs  a  bard  rennet  cheese  made  from  cow's  milk.  It  belongs  to  the  class 
of  blue  or  marbled  cheese  known  In  France  as  Fromage  PersUlS,  which  Includes 
Bassenage,  Septmoocel,  and  several  other  kinds  resembling  Roquefort.  It  Is 
made  principally  In  tbe  Boutheastern  part  of  France  and  derives  Its  name  from 
tbe  town  of  Ges,  In  the  Deportment  of  Aln,  wbere  the  cheese  has  been  made  for 
at  least  60  years.  There  has  been  little  tendency  for  tbe  Industry  to  extend  to 
other  regions  than  that  in  which  It  ortglnated,  and  even  here  It  Is  said  to  be 
diminishing. 

Rennet  is  added  to  the  fresh  milk  as  soon  as  possible  after  milking.  The  time 
allowed  for  coagulation  Is  1)  to  2  hours.  The  curd  Is  then  brok«i  up  and 
stirred  until  the  mass  is  fn  a  semlllquid  condition,  whai  It  is  allowed  to  stand 
for  about  10  minutes.  After  the  curd  has  settled  to  the  bottom  ol  the  vat  the 
whey  Is  drained  off.    The  curd  Is  then  worked  by  hand,  salted  lightly,  and  put 
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Into  hoops  about  12  Incbes  In  dlametet  and  B  tnchea  In  belgbt  In  about  1  bonr 
tbe  cbeeae  ie  turned  and  a  dUk  and  welgbt  placed  upon  It  Tbe  turning  la  re- 
peated tbree  or  four  times  a  day,  tbe  hoops  being  removed  at  the  end  of  the 
first  day-  After  salttng,  the  cheese  Is  taken  to  the  curing  room,  where  It  soon 
acquires  a  bluish  appearance,  due  to  the  development  of  a  penlcilllam.  This 
mold  Is  not  Introduced  Into  tbe  Interior  of  the  cheese  during  making  by  meftns 
of  mottled  bread,  as  Is  the  case  with  RoQuefort  cheese.  The  ripening  procees. 
whlcb  reqalres  from  3  to  4  months,  Is  completed  In  cellars  or  natural  caves.  A 
ripened  ctaeeee  weighs  from  14  to  15  pounds. 

GISLEV. 
This  1b  a  hard  rennet  cheese  made  In  Denmark  from  skimmed  cow's  milk. 

CLUMSE. 
This  cheese  Is  made  from  sour  skimmed  milk  In  western  Prussia.  Tbe  thick- 
ened milk  Is  placed  over  a  slow  fire  at  about  105°  F.  and  Is  cooked  as  long  as 
any  wbey  Is  expelled.  Tbe  cooking  may  be  done  by  pouring  hot  water  Into 
the  milt.  After  cooking,  the  curd  Is  removed  from  the  whey  with  a  perforated 
dipper  and  Is  allowed  to  drain  In  a  hair  ideve.  Milk  or  cream  Is  added  to  the 
cheese  Just  before  eating.    This  Is  evidently  a  cottage  cheese. 

GOAT'S  HILK. 

There  are  a  lai^  number  of  goat's-mllk  cheeses,  many  of  which  are  not  des- 
ignated by  local  names.  In  France  some  of  these  are  known  by  the  names 
Chevret  or  Chevrotln,  In  Italy  as  Formagglo  dt  Capra,  and  In  Oermsn-speaking 
countries  as  ZlegenkKse  or  GalEkUBli.  Among  those  In  France  to  which  local 
names  have  been  attached  are  Gratairon,  Lamothe,  and  Poitiers. 

The  GalskOall  Is  a  soft  cheese  made  In  certain  parts  of  Germany  and  Switzer- 
land. The  milk  Is  set  with  sufficient  rennet  to  coagulate  It  In  about  40  minutes. 
The  curd  Is  then  broken  up,  stirred,  and  dipped  into  cylindrical  molds  about  3 
Incbes  In  diameter.  The  mold  Is  filled  sufilclently  to  make  a  cheese  1}  to  2 
Inches  thick  and  weighing  tme-balf  pound.  The  mold  is  set  on  a  straw  mat 
which  allows  the  whey  to  drain  freely,  and  salt  Is  sprinkled  on  the  surface. 
In  2  days  the  cheese  Is  turned,  and  the  other  surface  Is  salted.  The  cheese 
requires  about  8  weeks  to  ripen  and  Is  said  to  have  a  very  pleasant  flavor. 

A  kind  of  cheese  Is  made  in  Norway  by  drying  goat's  milk  by  boiling,  fresh 
milk  or  cream  sometimes  being  added  dnrlng  the  process. 

OORGONZOLA. 

This  variety,  known  also  as  Stracchlno  dl  Gorgonzola,  Is  a  reimet  Italian 
cheese  made  from  whole  cow's  milk.  The  name  Is  taken  from  the  village  of 
Gorgonzola,  near  Milan,  but  very  little  of  this  cheese  Is  now  made  In  that 
Immediate  locality.  The  interior  of  the  cheese  Is  mottled  or  veined  with  a  peal- 
cilllum  much  like  Roquefort,  and  for  this  reason  the  cheese  has  been  grouped 
with  the  Roquefort  and  Stilton  varieties.  As  seen  upon  tbe  markets  In  this 
country,  the  surface  of  the  cheese  Is  covered  with  a  thin  coat  resembling  clay, 
said  to  be  prepared  by  mixing  barlte  or  gypsum,  lard  or  tallow,  and  coloring 
matter.  Tbe  cheeses  are  cylindrical  In  shape,  being  about  12  Inches  in  diameter 
and  6  Inches  In  height,  and  as  marketed  are  wrapped  In  paper  and  packed  with. 
straw  In  wicker  baskets. 

The  manufacture  of  Gorgonzola  cheese  Is  an  Important  Indnstry  In  Lombardy, 
where  formerly  It  was  carried  on  principally  during  the  months  of  Septonber 
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and  October,  bnt  with  tbe  establlBhment  of  curing  cellars  In  the  Alpe,  especially 
near  Lecco,  tbe  manufacture  Is  no  longer  confined  to  tbis  seaBon. 

Tbe  milk  naed  In  making  mis  cbeeee  fs  wanned  to  a  temperature  of  about  TS" 
F.  and  coagulated  rapidly  wltb  rennet,  the  time  reQulred  being  aanally  from  IS  to 
ao  minutes.  The  curd  Is  then  cut  very  finely  and  Incloiied  In  a  cloth  and  drained, 
after  which  It  la  put  into  hoops  12  Inches  In  diameter  and  10  Inchee  high.  It 
was  formerly  the  coetom  to  allow  the  curd  from  tbe  evening's  milk  to  drain  over 
night  and  to  mix  It  wltb  the  fresh  warm  curd  from  the  morning's  milk  prepared 
In  the  same  way.  The  curd  from  the  evening's  milk  and  that  from  the  morn- 
ing's milk,  crumbled  very  fine,  were  put  Into  hoops  In  layers  with  moldy  bread 
crombs  lnterq)ersed  between  the  layers.  The  cheese  Is  turned  frequently  for 
4  or  &  days,  the  cloths  being  changed  occarionally,  and  Is  salted  from  tbe  out- 
,  side,  the  process  requiring  about  2  weeksL  It  is  then  transferred  to  the  curing 
rooms,  where  a  low  temperature  Is  usually  maintained.  At  an  early  stage  In 
the  process  of  ripening  the  cheese  Is  usually  punched  with  an  Instrument  about 
d  Inches  long,  tapering  from  a  sharp  point  to  a  diameter  of  about  one-eighth 
Inch  at  the  base.  About  ISO  holes  are  made  In  each  cheese.  This  favors  the 
developm^it  of  the  penicillium  throughout  the  Interior  of  the  cheese.  Well- 
made  cheese  may  be  kept  for  a  year  or  longer.  In  the  region  where  made  mucb 
of  tlie  cheese  Is  consumed  while  in  a  fresh  condition. 

OOUDA. 

This  is  a  Holland  cheese  made  from  whole  or  partly  skimmed  cow's  milk.  It 
Is  round  and  weighs  10  to  45  pounds.  Tbe  milk,  to  which  coloring  mailer 
has  been  added,  is  set  at  91°  F.  with  snIBcIent  rennet  to  coagulate  It  in  15 
minutes.  The  curd  Is  cot  or  broken  with  a  wooden  scoop,  a  harp,  or  an  Amer- 
ican cheese  knife.  It  Is  allowed  to  stand  for  a  minute  and  the  whey  Is  dipped 
cff.  Hot  whey  or  hot  water  Is  poured  on  the  mass  of  curd  until  the  whole 
lias  reached  a  temperature  of  104'  to  110°.  V/hat  ttie  curd  squeaks  or  whistles 
wb«i  It  Is  crushed  betwe«i  the  teeth  tbe  whey  or  water  is  dipped  off  and  the 
curd  Is  stirred  and  piled  where  it  will  drain  well.  The  curd  is  then  thoroughly 
kneaded  and  sometimes  lightly  salted.  After  salting,  the  curd  is  put  Into 
round  molds  and  placed  In  a  press,  where  it  remains  for  21  boors  with  increas- 
ing pressure.  The  cheese  is  then  salted  either  by  immersion  in  brine  or  by 
rubbing  salt  on  the  surface.  The  salting  continues  for  4  to  8  days.  After 
salting,  the  cheese  Is  washed  with  hot  whey.  It  is  then  transferred  to  the 
ripening  cellar,  where  It  is  turned  daily  for  several  days  and  finally  once  a 
week  until  ripened.  It  Is  ready  for  consumption  In  6  to  8  months.  When  the 
cheese  is  a  few  days  old  It  Is  washed  with  water  and  colored  with  saffron. 
Some  of  this  cheese  Is  shipped  to  tbe  United  States.  As  seen  In  this  country, 
each  cheeee  is  covered  with  an  animal  tisane  said  to  be  a  bladder. 

GOVRNAY. 

This  is  a  soft  rennet  cheese  which  derives  its  name  from  the  village  of  Oonr- 
nay  In  the  Departmoit  of  Seine-Inf4neure,  France,  where  It  Is  made.  It  is 
about  3  inches  in  diameter  and  three-fourths  inch  thick. 

OOYA. 

This  cheese  Is  manufactured  in  the  Province  of  Corrientee;  in  the  Argentine 
Republic.  Either  whole  or  partly  skimmed  milk  is  used.  It  is  heated  to  a  tem- 
perature of  7S°  to  SS"  F.  and  coagulated  with  rennet  in  16  to  SO  minutes.  The 
curd  Is  cut  and  put  Into  sacka  to  drain,  after  which  it  is  put  Into  motda. 


...edt,  Google 


28  YABIETIES  OP  CHEESE. 

GRANULAR  CURD. 

Tble  cbeese  resemblee  the  gennliie  Cbeddar  procees  cheese  In  all  polats  ex- 
cepting that  It  l8  not  matted  and  milled.  As  soon  as  the  curd  Is  cooked  Srm 
moUKb  It  Is  Baited  and  preased.  Because  no  add  Ib  developed  between  cooking 
and  preBsiDK.  a  little  more  acid  may  be  allowed  to  develop  before  drawing  the 
wher,  and  tbe  cord  Aoald  be  cooked  Bnner. 

GRAY. 

This  iB  a  Bour  sklm-milk  product  of  the  TyroL  Wben  the  milk  Is  thickened 
tbe  card  ts  brought  to  a  proper  flrmneBS  by  light  beating,  and  is  tboi  dipped 
Into  a  cheese  cloth,  care  being  takoi  that  the  flocculent  matter  at  the  bottom 
of  tbe  kettle  la  thoroughly  mixed  with  the  rest  of  the  curd  in  order  to  insure  an 
eves  product.  The  curd  Is  put  under  a  press  for  10  minutes,  when  It  1b  broken 
up  by  hand  or  In  a  mill  and  salt  and  pepper  are  added.  The  curd  Is  then  put 
Into  forms  or  hoops,  and  to  insure  tbe  proper  ripening  a  little  well-ripened 
grated  gray  cheese  Is  added,  or  bread  crumbs  with  the  character iEtlc  mold 
growth  are  mixed  with  the  curd  as  It  is  put  into  the  forms.  The  forms  are 
made  In  various  shapes  and  sizes  and  are  supplied  with  holes  to  facilitate 
drainage.  The  cbeese  remains  In  the  forms  under  pressure  for  24  boura,  and 
Is  then  taken  to  the  drying  room,  which  has  a  temperature  of  T0°  F.  The 
length  of  time  It  ahonld  remain  In  the  drying  room  Is  determined  by  the  appear- 
ance of  the  cheese.  It  Is  then  taken  to  the  ripening  cellar.  The  cheese  when 
ripened  has  a  pleasant  taste  and  a  gray  appearance  through  tbe  entire  mass. 

GRUY^RB. 

This  name  Is  applied  to  Emmental  cheese  manufactured  In  France,  the  name 
originating  from  tbe  Swiss  village  of  Gruy^re.  The  cheese  was  first  mentioned 
In  1722,  wben  two  societies  were  reported  to  have  been  organized  for  its  manii- 
&cture.  The  Gruyfere  cheese  Is  made  in  three  different  qualities— ^whole  milk, 
partly  skimmed,  and  skimmed.  It  Is  usually  made  from  partly  ekimmed  milk, 
and  this  Is  supposed  to  distinguish  It  from  Emmental,  which  Is  supposed  to 
be  made  from  whole  milk.  The  manufacture  of  Gruy^re  cheese  Is  an  extensive 
industry  In  France,  about  DO.000,000  pounds  having  t>een  manufactured  annually 
the  latter  part  of  the  last  century. 

GCSSING. 

This  Is  an  Austrian  sklm-mllk  cheese  weighing  from  4  to  8  pounds.  It  re- 
sembles very  much  the  Brick  cheese  of  the  United  States  and  is  made  In  practi- 
cally the  same  way. 

HAND. 

Hand  cbeese  la  so  named  because  it  was  molded  originally  into  its  final  shape 
by  hand.  It  is  a  son'r-mllk  cheese,  very  popular  among  German  races,  and 
manufactured  In  many  conntriea. 

The  process  of  making  varies  In  different  localities,  but  In  general  Is  about 
as  follows ;  The  skimmed  milk  1b  mixed  with  buttermilk  and  pat  Into  a  tinned 
vessel,  where  It  la  held  at  a  favorable  t^nperatnre  for  souring.  Wben  thick 
tbe  curd  Is  broken  up  by  stirring  and  heated  to  120°  F.  The  cooking  is  con- 
tinued for  about  3  hours  and  for  tbe  first  hour  of  this  time  Is  stirred  thoroughly. 
After  cooking,  the  whey  Is  drained  oft  and  the  curd  Is  put  In  a  mold  for  coolbig. 
It  Is  then  ground  fine  In  a  card  mill  and  salt  la  Incorporated,  and  for  some  kinds 
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caraway  seed  1b  added.  The  card  Is  tboi  praBsed  Into  tbe  desired  HhapeH  and 
BizeB,  Tbe  small  cheeses  are  dried  la  a  warm  room  and  then  transferred  to  tbe 
curing  cellar,  wbere  tliey  are  kept  on  alielves  imtll  Uie  rlpenlog  on  tiie  surface 
bBS  comntenccd,  wh^i  th^  are  packed  In  boxes.  Tbe  cheese  has  a  very  sharp,  . 
pnngent  odor  and  taste,  which  to  moet  people  nnaccnstmued  to  It  Is  very  dis- 
agreeable. 

There  are  many  local  names  for  hand  cheeeee^  among  which  are  tbe  following : 
Tburlngia  caraway  cheese;  Ihlefeld,  made  In  Mecklaibnrg;  Llvlander,  mad^  In 
Rnwla;  Olmlltzer  BlerMse;  Dresdener  Bterk&se;  Bats,  made  In  Saxony; 
l^ol  sonr  cheese;  Berliner  Euhk&se;  and  Alt  KobkAse. 

HARZ. 

This  is  a  hand  cheese  made  In  different  sizes.  It  la  IJ  to  21  Inches  In  diam- 
eter and  one-fourth  to  three-fourths  Inch  In  thickness  and  weighs  one-fonrtb 
ponnd.    It  Is  identical  In  mannfacture  with  hand  cheese. 

HAY. 

This  cheese,  known  as  Fromage  de  Foln,  Is  a  sklm-mllk  variety  made  In  the 
Department  of  Selne-Inferienre,  France.  Tbe  cheese  derives  Its  name  from 
the  fact  that  it  is  ripped  on  as  freshly  cnt  hay  as  possible,  which  gives  a 
characteristic  aroma  to  tbe  cheese.  The  cheese  In  some  reqtects  resembles  a 
poor  grade  of  Llvarot.  It  Is  about  10  Inches  In  dlamet«r  and  2  to  3  Inches 
thick. 

The  milk  is  set  with  rennet  at  a  temperature  of  80*  to  86*  F.  In  abont  1 
hour  the  curd  is  cut  and  the  whey  removed;  the  cnrd  Is  then  pressed  to  re- 
move as  much  of  the  whey  as  possible,  after  which  it  Is  pressed  by  band  Into 
molds.  After  draining  for  abont  2  days  It  Is  put  Into  the  drying  room,  where 
it  remains  for  about  3  weeks,  when  It  Is  taken  to  tbe  curing  cellar  and  burled 
in  bay.  After  remaining  here  for  6  weeks  to  3  months  It  Is  reedy  for  sole. 
The  coneumptloii  of  this  variety  is  largely  restricted  to  tbe  region  wbere  It  la 

HOHBNHBIM. 

This  is  a  soft  cheese  made  in  Hohenhelm  from  partly  skimmed  milk.  It  Is 
cylindrical  In  shape,  4  to  6  inches  In  dlatneter,  and  weighs  about  one-half  pound. 

The  skimmed  evening's  milk  Is  added  to  the  morning's  milk  and  heated  in 
a  copper  kettle  to  110'  F.  Some  saffron  Is  used  for  color  and  rennet  Is  added. 
In  1  to  IJ  hours  the  curd  Is  broken  up  and  the  whey  dipped  oft.  Caraway 
seed  Is  stirred  In,  by  which  process  the  cnrd  Is  reduced  to  smaller  particles. 
It  is  thm  dipped  into  tin  hoops  having  holes  to  allow  easy  draining.  Tbe 
cnrd  remains  In  these  hoops  for  12  hours  and  an  additional  12  hours  on  a  diy- 
]ng  board.  It  Is  tb&i  sprinkled  with  salt  and  when  this  Is  dissolved  It  Is  again 
salted  and  placed  In  the  ripening  cellar.     Ripening  requires  8  months. 

HOLSTBIN  HEALTH. 

This  Is  a  cooked  cheese  made  from  sour. skimmed  milk,  tbe  local  name  being 
Holstelner  Gesundheita  Kiiae.  Tbe  milk  Is  heated  lightly  and  the  cnrd  is 
strongly  pressed ;  It  Is  then  well  mixed  and  pnt  in  a  tin  kettle.  A  little  cream 
and  salt  are  added  and  tbe  whole  Is  stirred  while  It  is  being  heated  to  the 
melting  temperature  over  a  fire.  It  Is  then  put  Into  a  boop  or  mold  which 
holds  about  one-Iult  pound  and  Is  allowed  to  cooL 
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HOLSTBIN  SKIM-MILK. 

Ab  tbe  name  lodlcateB,  this  Is  a  sktm-mlltc  cheese  made  In  tbe  Provtnce  of 
Uolsteiu,  wbere  It  U  kuowa  as  Holstelner  Uagerkaae.  TJaually  in  tbe  manii- 
fucture  of  this  cheeae  6  per  cent  of  buttemilllc  is  added  to  separator  sUm  milk. 
A  part  iB  beated  to  160°  F.  and  the  remainder  is  mixed  wltb  tbe  pasteurized 
portion.  Tbe  milk  is  colored  with  saffron,  and  rennet  powder  is  ased  for 
coagulating  the  casein,  which  requires  about  35  minutes.  Tbe  curd  is  tbcn 
broken  ap  and  allowed  to  remain  In  tbe  wbe;  for  30  minotes  without  stirring. 
A  cloth  is  th«i  used  for  lifting  the  curd  from  the  whey,  and  1  per  cent  of  mlt 
Is  mixed  in.  Tbe  curd  la  pressed  for  one-half  bonr,  when  it  is  turned  and 
pressure  again  applied.  The  pressure  Is  gradually  increased  from  5  pounds 
to  9  pounds  tor  each  pound  of  cheese.  The  cheese  Is  transferred  to  the  curing 
cellar,  which  has  a  temperature  of  60°.  It  la  here  turned  daily  until  rlpoied, 
which  requires  4  months.    Each  cheese  weighs  from  12  to  14  pounds. 

HOP. 

Hop  or  Hopfen  cheese  Is  a  German  product  The  ground  curd  is  salted  and 
allowed  to  ripen  for  3  or  4  days,  whei  it  Is  mixed  with  fresh  curd  and  molded 
into  ranall  cheeses  measuring  about  21  inches  in  diameter  and  1  inch  In  thick- 
nesSL  These  are  placed  In  a  well-ventilated  room  and  allowed  to  become  quite 
dry,  when  they  are  packed  fn  bops. 

HVID   QJBDBOST. 

This  is  a  goaf^mllk  cheese  made  In  Norway.  Tbe  milk  is  set  at  70*  F. 
or  higher.  The  curd  Is  brolcNi  up  and  la  cooked  In  the  UBoal  manner.  It  Is 
then  pressed  In  (onus  0  to  10  Inches  long,  6  Inches  broad,  and  4  Inched  hl^ 
The  cheese  Is  made  only  for  local  consumption. 

ILHA. 

Ilha  is  a  Portuguese  word  meaning  island,  and  is  applied  to  the  cow's  milk 
cheeses  made  la  the  Azore  Islands  and  Imported  quite  extensively  into  Portugal. 
They  are  moderately  Arm  cheeses  measurhig  10  to  12  inches  in  diameter  and 
about  4  inches  in  thickness. 

INCANBSTRATO. 

This  name  la  applied  to  cheese  made  In  Sicily.  The  mixture  of  evening's  and 
morning's  milk  Is  curdled  with  rennet  In  about  tbree-fourths  of  an  hour.  The 
curd  is  then  stirred  tborongliiy  and  2  per  c^t  of  water  Is  added.  After  stand- 
ing for  5  mlnates  tbe  curd  Is  separated  from  the  whey,  pressed  by  hand,  and 
sometlmesallowedtoferm«)tfor2toSdayB,when  it  Is  cooked  in  whey  and  th«i 
pressed  and  salted.  Various  spfces  are  added.  A  kind  known  as  Majocchlno  and 
made  In  the  region  of  Messina,  out  of  cow's,  goat's,  end  sheep's  milk,  contains 
olive  oil. 

ISIONY. 

This  Is  an  American  cheese  originating  about  80  years  ago  in  attempts  to 
make  Camembert  cheese  tn  this  country.  Tbe  proper  ripening  for  Camembert 
cheese  was  not  secured  and  hence  a  distinct  name  was  given  to  tbe  product 
The  cheese  Is  slightly  latter  than  Camembert  but  of  the  same  shape.  The 
ripened  product  bears  a  close  resonblance  to  Llmburg.  The  process  of  mann- 
tacture  Is  similar  to  that  of  Camembert.  During  ripening,  however,  the  cheese 
is  waslied  and  rubbed  occasionally  to  check  tbe  growth  of  molds  oa  tbe  m 
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JACK. 

J&ck  cheese  was  first  made  la  Monterey  Cotmtr,  Gal.,  atNint  25  years  ago  and 
was  first  called  Monterey  cheese.  Its  mannfoctare  onder  this  name  Is  still 
limited  to  that  State,  bat  Its  method  of  manufacture  agrees  closely  with  the 
granular  curd  method  for  Cheddar  cheese.  Morning's  and  evening's  milk  ts 
mixed  and  warmed  La  a  vat  from  86°  to  88°  F.  and  rainet  extract  added  at  the 
rate  of  6  to  S  ounces  per  1,000  poands  of  milk.  No  coloring  matter  Is  nsed.  It 
If  ready  for  the  curd  knife  In  about  half  an  hour.  Its  readiness  being  determined 
as  in  Cheddar  cheese.  The  cutting  la  done  with  a  card  knife,  the  product  then 
being  stirred  b?  band  and  by  rake.  The  curd  Is  heated  from  98°  in  winter  to 
105°  to  110*  In  summer.  After  tbe  temperature  Is  ap  It  fa  stirred  occasionally 
with  the  rake  anti)  tbe  whey  1b  drawn  at  0.14  to  O.IS  per  cent  acidity.  The  cnrd 
Is  then  stirred  tbotonghly  to  keep  from  matting  and  is  salted  at  the  rate  of  1) 
pounds  to  100  pounds  of  card,  tbe  whole  being  thoroughly  stirred.  During  the 
salting  process  cold  water  Is  ran  nnder  the  vat,  the  hot  water  having  been 
previously  run  off. 

The  card  Is  put  Into  press  cloths  at  a  temperature  of  80°  to  86*  F.,  no  hoops 
being  nsed.  One  gallon  of  curd  Is  put  Into  each  cloth,  making  a  cheese  weighing 
6i  pounds.  The  comers  of  the  cloth  are  caught  up  tight,  the  cheese  being 
pressed  and  rolled  with  the  other  band.  These  are  tben  pressed  over  night  and 
placed  In  the  curing  rooms  for  3  weeks  before  being  ready  to  sblp. 

JOCHBERG. 

Tbis  cheese  Is  made  from  a  mixture  of  cow's  and  goat's  milk  In  the  l^rioL 
The  cbeese  weighs  46  pounds  and  Is  20  Inches  In  diameter  and  4  Inches  high. 


This  Is  a  soft  cured  rennet  cheese  made  from  whole  cow's  mUk  In  Blleala.  It 
Is  put  up  In  smalt  cylindrical  packages. 

KAJMAK. 

Tbe  Turkish  word  Kajmak  signifies  cream  and  Is  used  to  designate  a  product 
made  In  Servla  and  sometimes  known  as  Servian  butter.  This  product  is,  how- 
ever, analogous  to  n  cream  cheese.  The  milk  is  boiled  and  put  into  large 
shallow  vessels  usually  made  of  wood,  and  allowed  to  stand  for  12  hours,  when 
the  cream  Is  removed  and  nenally  salted.  The  flaror  varies  greatly  with  the 
age  of  the  sample  and  is  said  to  be  between  that  of  a  goat's-mllk  cheese  and 
Roquefort. 

KASCAVAL. 

This  Is  a  loaf-shaped  rennet  cheese  weighing  from  4  to  6  pounds,  made  from 
sheep's  milk  In  Bulgaria,  Boumanla,  and  Transylvania.  Goat's  milk  Is  some- 
times added.    Considerable  quantities  of  the  cheese  are  exported. 

KATSCHKAWALJ. 

This  Is  a  sheep's  milk  cheese  made  In  Servla.  The  milk  Is  curdled  with  reu' 
net  and  the  cnrd  Is  drained  and  Inclosed  In  tin  cans  which  are  pat  Into  boiling 
water.  The  cnrd  Is  subsequently  worked  by  hand  and  molded  Into  various 
shapes.    A  cheese  weighs  ordinarily  about  8  pounds. 

KJARSOAARD. 

This  Is  a  hard  rennet  cheese  made  In  Doimark  from  aUmmed  cow's  mlllL 
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KLOSTSR. 

This  la  a  soft  ripened  reamet  clweae  made  from  unskimmed  cow's  milk.  It 
bas  a  somewhat  nnusnal\  shape,  1  b;  1  b;  4  inches,  and  weighs  less  thw^i  erne- 
fourth  pound. 

EOLOS-MONOSTOR. 

This  Is  a  Aeep'a-mllk  rennet  cheese  made  tn  the  agrtcultraral  school  In 
Transflrania.  The  cheese  la  rectangular  In  shape,  8)  br  5  by  8  Inches,  and 
weighs  4  pounds. 

KOPPBN. 

KoppenkUse  Is  a  goat's-mllk  cheese  made  In  Germany.  The  milk  Is  set  at 
80°  to  85°  P.,  and  after  the  whey  has  been  dipped  oCF  the  curd  Is  put  Into  a  cui>- 
shaped  vessel  which  gives  form  to  the  cheese  and  also  the  name.  The  cheese  la 
placed  In  a  warm  room  and  sprinkled  with  salt  It  Is  allowed  to  dry  (or  from  2 
to  3  days  and  Is  thea  placed  In  the  ripening  room.  The  ripened  cheese  weighs 
from  3  to  4  ounces.    It  has  a  eharp,  pongeat,  slightly  smoky  flavor. 

KOSHBR. 

This  cheese  under  rarlons  names  Is  made  in  several  conntrtes.  It  is  a  cow's- 
milk  rennet  cheese  made  for  the  Jewish  trader  The  process  of  manufactnre 
resembles  that  of  LUnburg.    The  cheese,  however,  Is  eatoi  freslL 

KOSHBR  GOUDA. 

TUB  Is  a  cheese  made  especially  for  the  Jewish  trade.  It  Is  Identical  wltb  a 
Oouda  cheese  In  every  way  except  In  eixB  and  In  having  no  bladder  coverliig. 
It  weighs  from  4  to  6  pounds  and  Is  8}  Inches  In  diameter  and  3  Inches  thick. 
It  bears  a  stamp  which  identifles  It  to  the  JewtSh  consamer.  Small  qnantlttes 
are  Imported  Into  this  country. 

KRUTT. 

Knitt,  or  KlrglscherkAse,  Is  made  by  the  nomadic  tribes  of  the  middle  Asiatic 
Steppes  from  sour  skim  milk  of  the  cow,  goat,  sheep,  or  camel.  When  the  milk 
coagulates  salt  Is  added  and  the  card  Is  hung  up  In  a  sack  to  drain,  after  which 
It  Is  subjected  to  moderate  pressnre.  The  curd  Is  then  made  up  Into  small  balls 
which  are  placed  in  the  sun  to  dry. 

KUHQACH. 

This  Is  a  soft  ripened  rennet  cheese  made  troia  whole  or  partly  sfctmrned 
cow's  milk.  It  is  a  Germsn  product,  made  In  upper  Bavaria.  It  Is  cylindrical 
In  shape,  weighs  2  pounds,  and  Is  6  Inches  In  diameter  and  3  Inches  high. 

LAOUtOLB. 

This  Is  a  hard  rennet  cheese  varying  but  little  If  any  from  Cantal  and  re- 
sembling Roquefort  It  derives  Its  name  from  the  village  of  Laguiole  In  the 
Department  of  Aveyron,  France.  The  cheese  Is  made  extensively  In  the  moun- 
tains of  Aubrac,  where  It  Is  said  to  have  been  made  at  the  time  of  the  Roman 
occupation.  The  mllk,  either  whole  or  partly  skimmed,  Is  set  vrlth  rennet  the 
time  allowed  being  about  30  minutes.  The  curd  is  allowed  to  ferm^it  for  about 
24  hours  and  Is  then  put  Into  hoops  and  pressed.  At  least  1  month  Is  required 
for  ripening.  Lagulole  or  Oulole  cheese  is  considered  superlcv  to  Cantal. 
although  the  two  varieties  are  made  In  essentlallj  the  same  way. 
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LANCASHIBB. 

TUB  iB  an  English  cheeee  named  from  the  county  In  wblch  It  1b  made.  Tb« 
eTenlog's  milk  1b  partly  skimmed  and  la  beated,  so  tliat  when  the  momiag'B 
milk  la  added  the  temperature  of  the  wbole  Is  brought  to  S0°  F.,  or  slightly 
higher.  Enoogb  remiet  la  added  to  coagulate  the  milk  In  1  hoar.  The  card  la 
broken  np,  stirred  for  a  t^ort  time,  and  preaaed  on  the  bottom  of  the  vat  by 
meana  of  a  heavy  aleTe.  The  whey  la  soon  drained  off  and  the  curd  la  ground 
Id  a  curd  mill  Into  particles  the  alze  of  kemela  of  com  and  then  put  Into  the 
preea.  Salting  1b  done  in  brine,  fn  which  the  cheese  ia  placed  for  4  to  6  days. 
From  the  brine  tank  the  cheese  Is  transferred  to  the  curing  room. 

LANGRES. 

This  Is  a  soft  rennet  cheese  made  in  the  northeastern  part  of  France.  It 
derives  Its  name  from  the  village  of  Langrea  in  the  Department  of  Hante-Mame, 
where  It  Is  said  to  have  been  made  since  the  time  ot  the  Merovlnglas  kings. 
The  i>erfectly  fresh  milk  1b  set  with  rennet  at  a  temperatare  of  about  90°  to 
96*  F.  After  standing  for  several  hours  it  la  put  into  cylindrical  fonna  The 
clieesefl  rlp«i  for  atwut  2  to  3  months.  A  ripened  ctieese  weighs  from  1)  to  2 
potinda  and  Ib  about  G  Inches  in  diameter  and  8  Inchea  high.  The  cheese  Is 
consumed  for  the  most  part  In  the  region  where  made. 

LAPLAND. 

The  Laplandera  make  a  variety  of  cheese  from  the  milk  of  the  rdndeer.  It 
resonbles  very  much  the  harder  varieties  of  the  Kmmental  group.  The  cheese 
has  a  very  unusual  Bhap&  It  is  round  and  flat  and  is  so  formed  that  a  crOBB 
section  would  resemble  a  dumbbell  with  angular  instead  of  ronnd  ends. 

LATTICINI. 

This  Is  applied  to  cheeses  made  from  the  milk  of  buffaloes  particularly  in  the 
r^on  of  Naplea,  but  also  In  other  parts  of  Italy. 

LEATHER. 

Leather,  Leder,  or  Holstein  dairy  cheese  1b  made  in  Scbleswlg-Holstetn,  from 
skimmed  con's  milk  with  an  addition  of  from  5  to  10  per  cent  of  buttermilk. 

The  mUk  la  set  at  from  95°  to  100°  F.  and  requires  %  to  35  minutes  for 
coagulation.  It  la  then  broken  up  with  a  harp  or  a  stirring  stick,  and  Is  stirred 
with  a  Danish  stirrer.  When  the  particles  are  reduced  to  the  size  of  pees  the 
curd  Is  piled  up  on  one  aide  of  the  vat  or  kettle  and  allowed  to  stand  for  10 
minutes.  The  whey  Is  then  dipped  off.  The  curd  la  cut  with  a  knife  into  pieces 
the  size  of  the  hand,  put  in  a  wooden  or  tin  bowl,  and  pressed  for  one-half  hour, 
when  it  ia  cut  Into  pieces  and  nm  through  a  cheese  mill.  It  Is  then  salted,  put 
In  a  cloth,  and  again  put  Id  the  press,  where  the  pressure  la  gradually  Increased. 
The  cbecBe  la  turned  occaBlonally  and  a  fresh  dry  cloth  supplied.  After  12 
bouTs  of  pressing  the  cheese  la  put  into  the  salt  bath,  where  It  is  kept  40  to  48 
hours.  It  Is  then  transferred  to  the  ripening  cellar,  where  it  is  wiped  with  a 
dry  cloth  every  day  for  about  a  week  aod  tbereaft^  twice  a  week,  the  ripening 
requiring  about  4  UMmtha,  The  cured  cheese  has  small  eyes;  it  is  made  cylin- 
drical, and  la  4  to  6  Inches  In  height  and  10  to  12  Inches  In  diameter.  It  weighs 
IS  to  2S  pounds. 
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LEICESTER. 

TblB  fB  a  hard  rennet  cheese  made  from  whole  cow's  mllfc.  It  is  named  from 
a  coontf  In  England  where  It  la  made.  It  resembles  the  better  known  Cheablre 
and  Cheddar  In  eTery  way. 

Srenlng's  and  morning's  mtlk  are  mixed  and  set  at  a  temperature  of  from 
76'  to  S4°  F.  The  cord  la  allowed  to  set  very  Ann,  which  requires  00  minutes. 
It  Is  cat  TeT7  carefully  and  allowed  to  settle  20  mlnntes,  whoi  the  whey  la 
drawn  off.  The  cnrd  la  then  gathered  In  a  cloth,  pressed,  and  broken  up  seTeral 
times  until  a  certain  degree  of  dryness  has  been  attained,  and  then  salted 
lightly  and  put  to  press.  Pressure  Is  continued  for  S  days,  the  cheese  being 
removed  and  salted  on  the  ontalde  each  day. 

LBYDBN. 

This  IB  a  hard  rennet  cheese  made  In  Holland,  where  it  Is  known  also  as 
Bergues,  Delft,  Komynde,  Koejekaars,  and  Hobbe.  The  milk,  which  Is  either 
partly  or  entirely  skimmed,  Is  set  with  rennet  at  72*  to  75°  F.  It  la  allowed 
to  stand  tor  1  hour,  when  the  curd  Is  cut  and  thai  stirred  while  beinK  wanned 
up  to  97'.  The  heating  is  done  by  pouring  hot  whey  over  the  curd.  The  curd 
Is  thee  dipped  out  with  a  cloth  and  kneaded  by  hand.  Caraway  seed  Is  added 
to  a  portion  of  the  curd  which.  In  fllUng  tbe  hoope,  constitutes  the  middle  of 
three  layers.  The  cheeee  is  then  put  In  press.  It  Is  turned  afto-  3  hours  and 
a  fresh  cloth  applied.  The  pressing  continues  for  24  boars.  Salting  Is  done 
on  tlie  surface  dally.  If  the  rind  becomes  hard  it  is  washed  In  wbey  or  water, 
and  occasionally  milk  Is  smeared  on  the  surface.  The  surface  is  colored  with 
litmus  Id  alkaline  watet.  A  ripened  cheese  weighs  about  25  poonds  and  Is  12 
inches  In  diameter  and  8}  to  6  inches  in  thickness.  As  seen  on  the  American 
market.  It  has  a  very  dark-brown  surface 

LIHBUBO. 

This  Is  a  soft  rwnet  cheese  made  from  cow's  milk  which  may  contain  all  of 
the  fat  or  be  partly  or  entirely  skimmed.  The  best  Llmburg  is  undoubtedly 
made  from  whole  milk.  This  cheese  has  a  very  strong  and  characteristic  odor 
and  taste.    The  cheese  la  about  6  by  6  by  3  inches  and  weighs  abont  2  pounds. 

The  most  common  synonyms  of  Llmburg  are  Backstein  and  HervC.  There 
are,  however,  many  local  names  for  this  kind  of  cheese,  such  as  Algaa,  Lanark, 
Marlanhof,  Morln,  St.  MIcbele,  Bcbtltzai,  Tanz^iberg,  Carlothlan,  Orotteoliof, 
Emmersdorf.  BrIol,  and  Lindenhof. 

Llmburg  cheese  originated  ia  the  Province  of  LQttlcb,  Belgium,  in  tbe  neigh- 
borhood of  Herve,  and  was  marketed  la  Llmburg,  Belgium.  Its  manufacture 
has  spread  to  Germany  and  Austria,  where  it  is  very  popular,  and  to  tbe  United 
States,  where  large  quantities  are  made,  mostly  in  New  Tork  and  Wisconsin. 

Sweet  milk  is  set  without  any  coloring  matter  at  a  tempa«ture  of  from  91' 
to  96°  r.  with  snfflctent  rennet  to  coagulate  the  milk  In  about  40  minutes.  In 
foreign  countries  a  kettle  Is  used,  but  in  tbe  United  States  an  ordinary  rectangu- 
lar cheese  vat  Is  found  to  be  more  satisfactory.  The  curd  Is  cut  or  broken  Into 
pieces  about  one-tbird-Inch  cube  and  Is  stirred  for  a  short  time  without  addi- 
tional heating.  It  Is  then  dipped  into  rectangular  forms  2S  Inches  l<«g,  5)  inches 
broad,  and  aboat  8  laches  deep.  These  forms  are  kept  on  a  draining  board, 
where  the  whey  drains  out  freely.  When  tbe  cheese  has  been  in  tbe  forms,  wltb 
frequent  turnings,  for  a  sufDclmt  length  of  time  to  retain  Its  shape  It  Is  ronoved 
to  tbe  salting  table,  where  the  surface  Is  rubbed  with  salt  dally.  When  tbe 
surface  of  the  cheese  commmees  to  get  slippery,  tbe  cheese  Is  pat  In  a  ripening 
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cellar  bavtng  a  tempwatara  of  about  00°.  While  In  the  cellar  the  surface  of 
each  cheeae  Is  nibbed  tborouglily  at  frequent  Intervals.  Blp«ilng  requires  1  to 
2  months.  When  ripe  the  cheese  Is  wrapped  In  paper,  and  then  In  tin  toll,  and 
put  In  boxes,  each  containing  aboQt  CO  cheeses. 

Vo  LlmbutK  Is  imported  Into  this  country  at  the  present  time,  contraiy  to 
the  popular  belief.  This  type  of  cheese  is  made  so  cheaply  and  of  such  good 
quality  In  this  country  that  the  foreign  make  has  beoi  crowded  out  of  the 
market. 

LIPTAU. 

This  cheese  is  made  !n  the  Provinces  of  Llptau,  Saros,  and  Arra,  In  Hungary, 
from  sheep's  milk.  Condiments,  especially  red  p^per,  are  usually  added.  It  Is 
rather  greaey  aad  hae  a  sharp  taste.  The  details  of  manufacture  are  the  same 
as  for  Brlnsen  cheese. 

LIVABOT. 

This  is  a  soft  r^met  cheese  made  from  cow's  milk  more  or  less  skimmed.  It 
derives  Its  name  from  the  vlUage  of  Llvarot  In  the  t)epartm«it  of  Calvados, 
France,  where  the  Industry  Is  cmtrallzed.  This  cheese  has  the  sdvantage  over 
Camembert  made  In  the  same  region  In  that  It  may  be  manufactured  and  con- 
sumed dnring  the  warm  months. 

The  milk  Is  set  with  rennet  at  a  temperature  of  96°  to  104°  F.  After  1)  to 
2  hours  the  cnrd  Is  cut  and  placed  on  a  rush  mat  or  a  cloth  and  allowed  to 
drain  for  about  15  minutes,  during  which  time  It  Is  crumbled  as  Qnely  as 
popslbla  It  Is  then  put  Into  tin  hoops  or  forms  6  Inches  in  diameter  and  the 
same  In  height.  The  cheeses  are  turned  very  frequently  until  they  become  firm, 
when  they  are  salted  and  left  on  the  draining  board  for  4  or  6  days.  At  this 
stage  they  are  sometimes  sold  as  white  cheese,  but  more  ottea  they  are  trans- 
ferred to  a  wen-ventilated  room  for  16  to  20  days  and  then  to  the  curing  cellar, 
wblcb  Is  Icept  very  tfgbtly  closed.  By  thus  retaining  the  ammonia  and  other 
products  the  cheese  acquires  a  strong,  piquant  taste.  During  rlpenli^  the 
cheeses  are  tamed  two  or  three  times  a  week  and  occaslooally  wiped  with  a 
cloth  molet^ied  with  salt  water.  After  ripening  for  10  to  12  days  they  are 
wrapped  with  the  leaves  of  Typha  latifolta,  commonly  called  lalche.  In  8  to  S 
months  they  are  colored  with  annatto  and  marketed. 

LORRAINE. 

This  Is  a  small  sour-milk  hand  cheese  made  In  Lorraine,  Germany,  and  regarded 
as  a  delicacy  In  that  country.  It  Is  seasoned  with  pepper,  salt,  and  pistachio 
nuts,  and  Is  eaten  In  a  comparatively  fresh  state.  The  cheeses  are  made  In 
sizes  of  aboat  2  ounces  and  sell  for  a  very  high  price — at  the  rate  of  about  60 
centa  a  pound. 

LUNBBBRO. 

TUs  cheese  Is  made  la  the  small  valleys  of  the  Voralberg  Mountalne  In  tlie 
western  part  of  Austria.  The  art  Of  cheese  making  In  this  locality  was 
Imported  from  Swltierland,  and  the  copper  kettle  and  characteristic  presses  are 
used.  Saffron  Is  used  for  coloring,  and  the  milk  Is  warmed  In  the  copper  kettle 
to  S7°  to  90°  F,,  at  which  temperature  the  rennet  Is  added,  euou^  being  used 
to  coagulate  the  milk  In  20  to  30  minutes.  The  curd  Is  cut  Into  pieces  the  size 
of  hazelnuts  and  Is  cooked  with  stirring  to  a  temperature  of  122°.  The  curd 
is  dipped  Into  cloths  which  are  put  Into  wooden  forms  and  light  pressure  is 
applied.    The  card  remains  In  the  press  for  24  hours,  during  which  time  it  la 
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turned  occastooallr  and  a  dry  doth  supplied.  The  cheese  Is  then  tak&i  to  the 
cellar  and  Is  salted  on  the  Bnr&ce.  Id  the  cdlar  tt  la  robbed  and  waahed 
occaaioually.  When  ripe  It  la  aald  to  be  about  midway  In  type  betwerai  Emmen- 
tal  and  LImburg. 

HACONNAIS. 

Thla  la  a  French  goat's-mllk  cheeee,  2  Inches  square  by  1|  Inchea  thick. 

HACQUBUHB. 

This  Is  a  soft  rennet  cheese  of  the  CamenibeTt  type,  4  Inches  In  diameter  aod 
Ij  Inches  thick,  made  from  whole  or  partly  skimmed  mltk  In  the  region  of 
SraillB,  In  the  Department  of  Olse,  Prance.  The  milk  Is  set  with  rennet  at  a 
temperature  of  about  80°  F.  and  allowed  to  stand  for  5  hours,  whai  the  curd 
is  put  Into  hoopa  After  24  hours  the  hoops  are  removed  and  the  cheeee  is 
salted  and  taken  to  the  curing  room,  where  It  remains  for  20  days  or  more.  A 
cheese  weighs  about  one-fourth  of  a  pound  and  requires  about  2  liters  of  milk 
In  Its  manufacture.  The  cheese  sells  at  a  lower  price  than  Camembert.  made 
In  the  same  region. 

uaikXsb. 

This  Is  a  cheese  resembling  Gonda.  It  Is  made  In  Holland  In  the  early  sum- 
mer, Is  softer  than  the  regular  Gooda,  and  hence  can  be  marketed  at  au  earlier 

MAINZ  HAND. 

This  Is  a  typical  hand  cheese,  sometimes  called  Pimp.  The  milk  Is  treated  lo 
the  usual  way,  and  the  curd  after  cooling  Is  thoroughly  kneaded  by  hand,  the 
thoroughness  of  this  manipulation  Influencing  the  quality  of  the  cheese.  The 
cord  is  tb&i  pressed  by  band  into  flat  cakes  and  allowed  to  dry  for  a  week. 
They  are  then  packed  In  a  Jar  or  keg  and  placed  In  a  cellar  for  rlpoilng.  This 
requires  from  S  to  S  weeks. 

HALAKOFP. 

This  is  another  form  of  Neafchjltel  cheese  about  2  Inches  In  diameter  and 
one-half  of  an  Inch  in  thickness.  It  may  be  consumed  either  while  fresh  or 
after  ripening. 

HANUR. 

This  chee«e  Is  made  In  Hervia  from  either  sheep's  or  cow's  milk.  The  milk  Is 
first  bested  to  the  boIUog  temperature  and  then  cooled  nntll  the  fingers  can  be 
held  In  it  A  mixture  of  buttermilk  and  fresh  whey  with  rennet  Is  added. 
The  curd  is  lifted  from  the  whey  in  a  cloth  and  allowed  to  drain,  when  It  Is 
kneaded  like  bread,  lightly  salted,  and  dried. 

HAQUAe. 

This  Is  a  soft  r^met  brick-shaped  cheese  made  firom  cow's  milk  In  Belgium. 
It  Is  known  where  made  as  Fromage  Mou. 

hXkkisch  hand. 

This  cheese  is  similar  to  a  hand  cheese.  The  milk  is  treated  In  the  same 
way  as  In  hand  cheese  up  to  the  salting.  The  curd  Is  then  put  In  a  linen  sack 
and  heavy  pressure  Is  applied.  The  mass  Is  thai  cut  Into  obltrng  pieces  and 
allowed  to  dry  and  cure  as  regular  hand  cheese, 
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HASOILLB8. 

Tbla  1b  a  aofl  r^uiet  cbeese  of  tbe  Poot  I'^rSque  type  m&de  from  whole  or 
partly  skimmed  cow's  milk  In  the  DepSTtmeota  of  Alaae  and  Nord,  Franca 
There  are  Btttntl  kinds,  var^iHK  In  sUe,  shape,  and  details  of  mannfactnre,  of 
which  the  Talle  de  Plandre  and  Larroo  are  best  known.  Tbe  dieeae  as  made 
at  Marollles  Is  about  6  Inches  square  and  2  Incbes  thick ;  that  made  at  Saint 
Aubln,  5  Inches  square  and  3  Inches  thick.  The  Larron  la  about  2i  Inches 
square  and  1}  Inches  thick,  and  weighs  about  6  ounces.  Tbe  Tnlle  de  Flandre 
is  about  twice  as  large.  The  Dauphin  Is  semilunar  in  shape  and  contains  herbs. 
A  pear-shaped  form  designated  Boulette  may  be  made  In  part  from  bnttermlUc. 

The  best  cheese  Is  made  from  fresh  whole  milk,  although  the  most  of  It  la 
made  from  milk  partly  or  oitlrely  skimmed.  The  temperature  of  setting  with 
rennet  Is  about  76*  F.  and  tbe  time  allowed  from  1  to  4  hours.  The  cnrd  Is 
drained  for  1  to  2  boura  in  a  box  baring  a  perforated  bottom,  and  Is  then  put 
Into  square  forme  or  hoops  fi  to  6  Inches  on  a  side  and  8  to  4  Inches  high. 
The  cheese  Is  turned  frequently  until  Ann  end  then  Mlted  on  sll  six  faces  and 
taken  to  the  curing  cellar,  where  It  Is  washed  frequently  with  salt  water  to 
preroit  the  growth  of  molds.  Ripening  requires  3  to  !S  months.  Defective 
cheeses  are  siitd  to  be  common. 

HASCABPONE. 

This  Is  an  Italian  cream  cbeese  about  2  Inches  In  diameter  and  2}  Inches  In 
height.  Tbe  creoio  Is  heated  to  about  194°  F.  and  dilute  acetic  or  tartaric  acid 
Is  added.  The  mixture  Is  stirred  and  drained  through  cloth  and  then  put  loto 
molda    It  Is  eaten  In  a  fresh  condition. 

MECKLENBURG  SKIH. 

This  Is  a  rennet  cheese  made  from  skim  milk  and  named  from  the  province  Id 
whicb  It  Is  made.  The  milk  is  placed  in  a  copper  kettle  and  warmed  with  steam. 
Saffron  Is  added  (or  coloring  and  sufficient  r«met  Is  used  to  coagulate  tbe  milk 
In  30  mlnntes.  The  curd  Is  brokoi  up  Into  particles  the  slse  of  peas.  The  tem- 
perature Is  raised  to  92°  F.  In  12  minutes.  Tbe  curd  Is  then  removed  from  the 
kettle  by  means  of  a  cloth  and  put  Into  a  boop  and  pressure  applied  This  is 
Increased  gradually  until  It  reaches  fifteen  times  the  weight  of  the  cheese  In  24 
hours.  The  cheese  Is  then  placed  In  a  drying  room  held  at  70°  until  a  rind  is 
formed  As  much  salt  is  then  sprinkled  on  the  surface  as  can  be  absorbed.  In 
the  meanwhile  the  cheeee  Is  taken  from  the  drying  room  and  placed  In  the  reg- 
ular curing  room,  which  has  a  temperature  of  60°  and  a  relative  humidity  of 
85  to  95  per  cent. 

HIGNOT. 

This  Is  a  soft  rennet  cheese  either  cylindrical  or  cubical  In  form.  It  has  been 
made  In  the  Department  of  Calvados,  France,  for  over  100  years  and 
resembles  Pont  l'fiv6que  and  Llvarot.  There  are  two  types  of  this  cheese; 
designated  white  and  passS ;  the  first,  a  fresh  cheese.  Is  made  dnring  the  period 
from  April  to  September,  and  tbe  second,  a  ripened  cheese,  Is  made  during  tbe 
remainder  of  the  year. 

MONTASIO. 

This  cheese  originated  In  tbe  part  of  Cartnthla,  In  Austria,  called  Frtani, 
where  the  annual  product  Is  now  valued  at  9600,000.  At  the  present  time  It  Is 
made  not  only  In  Carlntbia  but  In  tbe  neighboring  provloces  and  In  Italy. 
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Tbe  milk,  dtber  wbole  or  partly  skimmed,  and  cuudstlsg  asnaUy  of  a  mix- 
ture of  cow's  and  goat's  milk,  Is  heated  In  a  kettle  to  85*  F.  and  snffldent:  reo- 
net  is  added  to  coagulate  It  In  80  to  40  nUntites.  It  Is  tbcn  cot  wj  caicfDlly 
to  tbe  sise  of  peas  and  heated  gradually  to  a  temperature  of  120'.  When  the 
desired  t^nperature  <b  reached,  which  Is  usually  In  about  one-half  hour,  beat- 
ing Is  stopped  and  the  sUftIhk  continued  for  SO  to  40  mfnutea.  Some  of  the 
whey  Is  dipped  from  the  kettle  and  the  curd  1b  removed  by  means  of  a  doth. 
The  cheese  Is  pressed  far  24  hours,  during  which  time  It  Is  turned  ftequently. 
Tbe  salting  requires  nsnally  about  one  month,  the  total  amount  applied  varying 
from  2)  to  3  per  i?ent  of  the  weight  of  the  pressed  cheese.  After  salting,  tbe 
cheese  Is  taken  to  a  well-voitllBted  room  and  allowed  to  dry.  In  this  room  the 
cheeee  Is  turned  frequently  and  rubbed  In  order  to  free  It  frwu  molds.  When 
dry  It  Is  scraped  carefully  and  taken  to  the  curing  cellar.  The  cheese  Is  here 
rubbed  frequently  with  a  coarse  cloth,  and  when  tbe  rl&d  has  become  firm  and 
does  not  show  the  presence  of  mold,  oUve  oil  Is  usnally  applied.  Sometimes  the 
rind  Is  colored  black  by  means  of  soot 

The  fresh  cheese  Is  almost  white.  The  old  cheese  becomes  yellow,  granular, 
and  has  a  sharp  taste  and  characteristic  odor.  It  Is  usually  eaten  when  3  to 
12  months  of  age,  but  may  be  kept  much  longer  and  then  grated. 

MONTAVONER. 

This  Is  a  sour-milk  cheese  made  In  Austria.  During  the  process  of  manufac- 
ture dried  herbs  (Achtneo  moiebata  and  A.  atntta)  are  added. 

MONT  CENIS. 

This  Is  a  hard  rennet  cheese  resembling  the  Imitation  Roquefort  rarlettes  like 
Oex  and  Septmoncel  and  made  In  the  region  of  Mont  Cenls,  la  the  southeestKU 
part  of  France.  Tbe  milk  used  Is  usually  a  mixture  of  cow's,  sheep's,  and 
goat's.  The  evening's  milk  Is  usually  skimmed  and  added  to  that  of  the  morn- 
ing. Primitive  methods  of  cheese  making  are  employed.  Tbe  milk  Is  set  with 
rennet  at  a  tranperature  of  about  85°  F.  The  curd  Is  thKi  cut  and  allowed  to 
drain  for  24  hours,  when  fresh  curd  Is  thoroughly  mtied  with  It.  The  mixture 
Is  then  put  Into  molds  and  moderate  pressure  applied.  After  turning  frequently 
for  several  days,  and  salting,  it  Is  transferred  to  the  curing  cellar,  where  it  Is 
tnmed  frequently,  washed  with  salt  water  to  check  the  growth  of  molds  on  tbe 
surface,  and  allowed  to  ripen  for  8  to  4  months.  The  ripening  is  due  mainly  to 
a  penlcllllum  which  Is  sometimes  Incorporated  In  the  curd  by  means  of  moldy 
bread.  A  ripened  cheese  Is  about  18  Inches  In  diameter,  6  to  S  Indies  In  belght, 
and  weighs  about  2S  pounda 

MONT  D'OB. 

This  Is  a  soft  roinet  cheese  of  the  Pont  l'£v&iue  type,  formerly  made  troca 
goat's  milk  but  now  made  almost  exclusively  from  cow's  milk.  Sometimes  a 
small  amount  of  goat's  milk  Is  added  to  the  cow's  milk. 

It  derives  Its  name  from  Mont  d'Or,  near  I.yon.  In  the  Depertm^it  of  RhOna, 
France,  where  it  Is  said  to  have  been  made  for  over  three  centuries  At  the 
present  time  it  Is  made  not  only  In  RhOne  and  neighboring,  Dcsxtrtments  but 
in  the  other  parts  of  France,  especially  Bare  and  Olse. 

Whole  or  partly  skimmed  milk  is  set  with  rennet  at  a  temperature  of  90° 
to  100°  F.  The  card,  in  from  one-half  hour  to  2  hours  after  the  addition  of 
the  rennet  to  tbe  milk  and  with  or  without  cutting.  Is  put  luto  circular  forms 
or  hoops  about  4}  Inches  In  diameter  and  3  inches  blgh.    These  rest  upmi  b 


TABIBTtES  OF  OHBtSBti.  3$ 

dnlnlng  beard  covend  wlUi  straw.  After  about  1  hour  the  cheeoa  Is  tDTiMd, 
and  (reqaently  thereafter  imtU  firm.  A  dlik  with  a  light  weight  Is  sometlmM 
placed  npcsi  eacb  cheese  In  order  to  hasten  the  rranoval  of  the  whey.  The 
cbeeae  Is  salted  oa  the  enrface.  Much  of  It  1b  sold  In  a  fresh  condition.  It  Is 
alao  rlpoied  for  about  one  week  In  Bununer  and  2  to  8  we^s  in  wintw,  dnnng 
which  time  It  Is  tamed  frequoitly  and  washed  with  salt  water  to  prevent  the 
growth  of  molda 

monthlAky. 

This  Is  a  soft  rennet  cheese  made  from  cow's  milk  In  Selne-et-Olee,  France; 
A  large  cheese  la  about  2  Inches  thick  and  14  Inches  In  diameter  and  weighs 
about  H  pomMls.  There  Is  also  a  smaller  sized  cheese  which  weigha  about  3 
pounds.  Esther  whole  milk  or  parti;  skimmed  milk  Is  used.  R^met  Is  added 
to  the  milk  at  ordinary  temperatures,  and  the  curd  when  sofflcleatly  flrm  Is 
broken  np,  put  Into  molda,  and  subjected  to  pressure.  After  salting  the  cheese 
Is  cured  for  8  to  16  days  In  a  so-called  drying  room  and  then  ripened  In  a 
cellar  at  a  temperature  of  about  HJ'  F.  During  ripening  the  cheese  becomes 
covered  at  first  with  a  whitish  mold  and  later  with  a  blue  mold  In  which  red 
spots  appear.    It  la  ready  for  sale  at  the  «id  of  about  1  month. 

HOZARINXLLI. 

This  Is  a  soft  romet  cheese  made  from  cow's  milk  In  Italy. 

HtyNSTBR. 

Hfinster  Is  a  rennet  cheese  made  from  unskimmed  cow's  milk  In  the  western, 
part  of  Germany,  near  the  Vosges  Mountains,  and  named  from  the  cit?  of 
MtliiBter,  near  which  it  Is  mada  Similar  cheese  made  In  the  neighboring  por- 
tion of  France  Is  called  G£rom6,  and  MUnstar  cheese  made  near  Colmar  and 
StrasAurg  Is  sometimes  given  the  names  of  these  two  cities. 

^e  milk  Is  set  at  about  90°  F.  with  sufficient  refinet  to  coagulate  It  in  30 
mlsutea  The  curd  Is  then  broken  up  and  allowed  to  stand  for  30  to  4S  minutes 
without  stirring,  what  It  Is  dipped  with  a  sieve  which  holds  t>ack  the  small 
particles  of  curd  and  gives  a  slight  pressure  to  the  curd.  After  removing  the 
whey  the  curd  Is  scooped  Into  forms  or  hoops  and  caraway  or  anise  seed  Is 
usually  added.  The  hoops  are  made  In  two  parts,  the  lower  of  which  Is  4 
iocbes  high  and  7  Inches  in  diameter  with  holes  In  the  bottom  for  draining,  and 
the  upper  of  which  Is  of  the  same  dtmaialonR  The  whole  resembles  an  ordi- 
nary cheese  hoop  with  bandages.  The  hoop  Is  lined  with  cheese  doth.  After 
the  curd  has  been  In  the  hoop  for  12  hours  the  upper  part  of  the  hoop  can  be 
removed.  The  cheese  Is  turned  and  the  cloth  removed.  The  cheese  Is  now  put 
In  the  upper  portion  of  the  hoop  and  turned  frequently  for  4  to  6  days.  The 
temperature  la  held  In  the  meanwhile  at  68*.  After  salt  has  been  rubbed  on 
the  surface  dally  for  S  days  the  cheese  Is  taken  to  the  cellar,  which  has  a  tem- 
perature of  51°  to  55°,  where  It  Is  allowed  to  rlpoi  for  2  to  3  months.  The 
cheese  sells  for  about  15  cents  a  pound  when  ripe. 

MYSOST. 

Myaost  Is  made  from  whey  and  Is  a'product  of  Norway,  Swedoi,  and  Denmark, 
and  to  a  very  limited  extent  of  the  United  States.  It  has  a  light-brown  color,  a 
butter;  consistraicy,  and  a  mild,  sweetish  taste^ 

The  method  of  manufacture  is  as  follows :  As  soon  as  the  curd  of  the  regular 
cheese  Is  removed  from  the  whey,  the  whey  Is  strained  and  is  put  In  a  kettle  or 
large  pan  over  the  fire  and  the  albuminous  material  which  rises  to  the  surface 
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Is  fftimmed  off.  The  wbey  1b  evaporated  ai  rapidly  as  posalble  wltb  conatant 
and  tlioroag&  aUirtng.  Whea  It  haa  reacbad  aboat  one-fonrtb  Its  orlglna] 
Tolume  th«  albumin  prerlouslr  Bklmmed  off  Is  retnmed  and.  stirred  ttioroni^r 
to  break  up  all  posetble  lumps.  Wben  tlie  wbey  baa  attained  tbe  consletency  of 
tbickened  milk  It  Is  ponred  quickly  Into  a  wooden  trough  and  stirred  wltb  a 
paddle  until  cool  \o  prevent  tbe  formation  of  sugar  crystals.  This  can  then  be 
molded  Into  the  desired  form.  In  this  country  It  la  usually  made  Into  cylin- 
drical shapes  and  wrapped  in  tin  foil.    Pmmost  is  a  local  name  for  Uils  cheese. 

NBSSEL. 

This  is  a  soft-cured  rennet  cheese  made  from  unsldmmed  cow's  milk.  It  Is  an 
Hnglish  product  and  Is  made  round  and  very  thin. 

neufchAtbl. 

This  is  a  soft  rennet  cheese  made  eztaislvely  In  the  Department  of  Selne- 
Inf^rleure,  France,  from  cow's  milk  either  whole  or  skimmed.  Bondon,  Mala- 
koff.  Petit  Carr4,  and  Petit  Suisse  are  essentially  the  same  aa  NenfchAtel,  but 
have  slightly  different  shapes. 

The  millc,  preferably  fresh,  Is  set  at  86'  F.  with  only  so  much  rennet  as  Is 
necessary  to  secure  the  desired  coagulation  In  24  hours  in  summer  and  from 
36  to  48  hours  in  winter.  The  curd  Is  then  Inclosed  In  cl>eese  cloth  and  drained 
for  12  hours,  after  which  It  la  subjected  to  pressure  for  another  period  of  12 
hours.  It  Is  then  tlioroaghly  kneaded  by  hand  or,  in  the  larger  factories,  by 
means  of  a  curd  mill  and  pressed  into  thin  cylinders  about  2  Inches  In  diameter 
and  S  Inches  blglL  The  cheeses  are  removed  soon  from  tbe  molds,  salted,  and 
replaced.  After  draining  for  24  hours  they  are  transferred  to  tbe  so-called  dry- 
ing room,  where  they  become  covered  witli  white  and  later  with  bine  molds. 
They  are  then  taken  to  the  curing  cellar,  where  the  ripening  process  is  con- 
tinued for  S  to  4  weeks.  The  appearance  of  red  spots  on  the  sarface  is  takai 
as  an  Indication  that  the'  ripening  lias  pn^ressed  tar  enou^  The  cbeeses  are 
then  wrapped  In  tin  foil  and  marketed. 

An  Imitation  of  the  Neufch&tel  cheese  Is  made  In  the  United  States  which  is 
very  probably  aa  good  as  the  French  variety.  Makers  In  this  coontry  have 
attempted  to  vary  this  cheese  by  the  use  of  eondlments.  Pimento,  or  Pepper 
Cream,  Is  a  Neufchfitel  cheese  In  which  1  pound  of  red  peppers  is  nsed  for 
every  10  pounds  of  cheese.  The  peppers  are  ground  very  fine  and  thoroughly 
miscd  with  the  cheese;  the  whole  Is  then  molded  Into  forms  and  kept  in  a 
cold  place. 

NEW  MILK. 

This  cheese  Is  made  In  Holland.  The  process  of  manufacture  resembles  that 
of  Gouda  cheese.  It  Is  made  only  In  limited  quantities  at  the  beginning  of  the 
summer  season  end  is  enteo  fresh. 

HIBHBIM. 

This  Is  a  sonr-mllk  cheese  made  In  Westphalia  and  named  from  a  city  In  that 
province.  The  sour  milk  Is  heated  to  a  .temperature  of  100°  to  120*  F.  The 
curd  is  collected  In  a  cloth  and  allowed  to  stand  for  24  hours,  when  It  Is  worked 
nnttl  In  a  Que  condition.  The  curd  Is  made  up  into  cakes  which  are  put  Into  a 
cellar  and  turned  frequently  for  6  to  8  days.  It  is  then  broken  np,  and  salt  and 
caraway  seed,  and  sometimes  beer  or  milk,  are  added.  The  cheese  Is  covered 
lightly  with  straw  and  finally  packed  In  casks  with  hops  and  allowed  to  ripen. 
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NOSTRALE. 

ThlB  name  Is  applied  locally  to  two  kinds  ot  rennet  cheese  made  from  cow's 
milk  In  tbe  moantalnoue  restons  of  northwestern  Italy.  The  hard  cheese,  des- 
ignated Formagglo  Daro,  Is  made  dnring  the  spdng  while  the  herds  are  still 
in  tbe  velleyB,  and  tbe  soft  cheese,  Forma^o  Tenero,  during  the  summer  when 
they  are  paetured  In  the  mountalna.  The  cheese  Is  satd  to  be  a  very  old  vartety 
and  the  methods  of  manufacture  to  have  remained  prlmltlva  A  cheese  desig- 
nated Kaschera,  made  In  the  region  of  Mondovl,  Is  probably  tbe  same  as 
Noetrale. 

OLIVET. 

Tbls  Is  a  soft  rennet  cheese  made  from  cow's  milk-  Tbe  mannfactDre  ot  this 
variety  originated  south  of  Orleans,  In  tbe  Departmmt  of  Loiret,  France.  Tbe 
Industry  Is  now  carried  on  north  of  Orleans  near  Olivet,  to  wUcb  place  the 
cheese  doubtless  owes  Its  name.  There  are  three  forms  of  this  cheese,  desig- 
nated white  or  summer  cheese,  blue  or  the  ordinary  half-ripened  form,  and 
ripened.  In  general  tbe  process  of  manufacture  resembles  that  of  Camembert 
Tbe  ordinary  form  la  made  from  either  whole  milk  or  partly  skimmed  milk. 
About  2  hours  after  the  addition  of  rennet  the  curd  Is  placed  In  a  receptacle 
having  holes  In  tbe  bottom  and  sides  nnd  allowed  to  drain  for  24  hours,  when 
It  Is  put  Into  forms  about  6  Inches  in  diameter.  The  cheese  Is  turned  and 
salted  tbe  next  day,  and  about  1  day  later  is  taken  to  the  first  curing  room, 
where  It  Is  placed  on  shelves  covered  with  straw.  This  room  Is  kept  at  a  tem- 
perature of  about  66°  F.  Here  tbe  cheese  becomes  red  in  a  few  days  and  later 
blue.  The  bine  color  is  a  sign  of  maturity,  and  its  appearance  requires  from  10 
to  15  days  In  summer  and  1  mouth  In  winter.  The  cheese  Is  then  ready  tor 
marketing.  When  properly  cared  for  It  may  remain  In  good  condition  for  sev- 
eral months.  The  form  designated  ripened  Is  made  in  the  same  way  until  the 
blue  color  appears,  when  the  cheese  Is  put  into  the  curing  cellar,  where  ripening 
Is  carried  to  a  much  further  extent  Ordinarily  tbls  requires  from  15  to  30 
days,  but  the  cheese  Is  here  sometimes  covered  with  asbes,  which  are  believed 
to  hasten  the  ripening  process.  The  form  designated  white  or  summer  cheese 
Is  made  from  whole  milk,  to  which  cream  Is  sometimes  added.  The  curd  is 
obtained  In  the  ordinary  manner  and  pressed  tuto  molds.  In  which  It  la  sold 
as  fresh  cheese,  snmmer  cheeme,  white  cheese,  or  cream  cheese. 

OLMCTZBR  OUARGBL. 

This  Is  a  hand  cheese  made  extensively  in  the  western  part  of  Austria.  It 
is  1)  Inches  In  diameter  and  one-third  of  an  Inch  thick  and  contains  caraway 
seed.  It  is  made  with  5  per  cent  of  salt  and  after  drying  Is  put  in  salt  wh^ 
for  a  time.  It  Is  then  packed  In  kegs  and  ripened  for  8  to  10  weAs.  In  all 
otber  respects  the  manulbcture  Is  Identical  with  that  of  band  cheese. 

PAGLIA. 

Tbls  Is  a  more  or  less  successful  imitation  of  Qorgonzola  cheese,  made  in  tbe 
Canton  of  Ticlno,  Switzerland.  A  cheese  is  8  Incbes  in  diameter  and  2  Inches  In 
thickness.  Tbe  milk  Is  set  at  a  temperature  of  100'  F.,  the  time  allowed  being 
about  IS  minutes.  The  curd  la  broken  up,  stirred,  and  put  Into  hoops.  When 
sufficiently  drained  the  cheese  Is  taken  to  a  cool  cellar  and  placed  on  straw, 
where  fermentation  Is  usually  very  rapid  and  marked.  The  process  Is  delayed 
to  some  extent  by  excessive  salting,  which  Is  continued  for  about  1  month. 
The  cheese  Is  very  soft  In  consistency  and  baa  a  pleasant  aromatic  flanw. 
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PAGO. 

TUB  la  a  rennet  cbeeee  made  from  abeep's  milk  In  the  Island  of  Pago.  In  Oie 
Province  of  Dalntatla,  Anatrta.  It  Ih  put  op  In  bIrcb  welchlnK  from  one-lialf  to 
S  pounds. 

PARMESAN. 

Tbis  name  Is  In  common  nee  outside  of  Italy  for  the  cheese  made  and  known 
In  that  country  for  centuries  as  Grana,  the  term  "grana"  or  "granona  "  referrtug 
to  the  granular  appearanceof  the  cheese  vhen  broken,  as  Is  necessary  on  account 
of  the  bardneas  of  tbe  cbeese,  which  makes  cutting  practically  lmposBlbt& 
There  are  two  quite  dlatlnct  kinds  of  tbls  cheese,  one  made  In  Lombardy  and  tbe 
other  In  Emilia,  the  centers  of  production  being  separated  by  the  River  Po. 
Parma,  situated  In  Emilia,  has  long  been  an  Important  commercial  center  for 
both  kinds,  and  to  this  fact  tbe  name  Parmesan  Is  due.  The  use  of  the  term 
"Parmesan,"  however.  Is  sometimes  restricted  to  the  cheese  made  In  Iximbardy, 
tbe  term  "  Regglan  "  being  used  to  designate  that  made  In  Emilia.  Italian  writers 
refer  usually  to  the  Lombardy  cheese  as  Cacio  or  Pormaggto  Qrana  Lodlglano, 
Lodl  being  an  Important  center  of  trade,  and  to  tbe  Emlllan  cheese  as  Grasa 
Parmlglano  or  Reggiano.  Tbe  Lodi  cheese  la  larger  and  made  from  a  poorer 
quality  of  milk  than  the  Raglan.  The  latter  is  colored  and  brings  a  much 
hlgber  price.  The  following  description  of  the  process  of  manufacture  arolles 
equally  well  to  both  kinds : 

Tbe  milk,  which  has  been  aklmmed  to  a  greater  or  less  extent,  is  heated  In 
copper  kettles  to  a  temperature  varying,  according  to  the  acidity  of  the  mOk, 
from  90'  to  100°  F.  The  kettle  Is  then  removed  from  the  Hre,  rennet  added* 
and  tbe  kettle  covered  and  allowed  to  stand  for  20  minutes  to  1  hour,  when  the 
curd  is  cut  very  fine  and  cooked,  with  stirring,  to  115°  to  125°  F,  for  16  to  45 
minutes.  The  cnrd  Is  removed  from  the  kettle  by  means  of  a  cloth  and  after 
draining  for  a  abort  time  Is  put  into  hoops.  These  are  abont  10  Inches  high  and 
18  inches  or  more  In  diameter  and  are  lined  with  coarse  cloth  before  flUlng. 
Preaaure  Is  then  applied  for  24  hours,  the  cheese  being  turned  frequently  and 
tbe  cloths  changed.  The  salting,  which  Is  begun  In  1  to  3  days  after  ranov- 
Ing  from  tbe  press.  Is  continued  for  a  considerable  length  of  time,  ottea  40 
days.  Tbe  cheeses  are  then  transferred  to  a  cool,  well- ventilated  room,  where 
tbey  may  be  stored  for  years,  the  surface  being  rubbed  with  oil  from  time  to 
time.  The  exterior  of  the  cheese  Is  dark  green  or  black,  due  to  coloring  matter 
rubbed  on  the  surface.  A  greenish  color  In  the  interior  has  been  attributed  to 
the  contamination  with  copper  from  the  vessels  In  wblcb  the  milk  Is  allowed  to 
stand  before  skimming. 

The  Lombardy  cheese  made  from  April  to  September  Is  known  locally  as  Borte 
Maggenga  and  that  from  October  to  March  as  Sorte  Tennenga.  The  Regglan 
cheese  Is  made  only  In  summer. 

Parmesan  cheese  when  well  made  may  be  broken  and  grated  easily  and  may 
be  kept  for  an  Indefinite  number  of  years.  It  Is  grated  and  used  lai^ely  for 
soups  and  with  macaroni.  A  considerable  quantity  of  this  dieesa  Is  imported 
Into  this  country  and  sells  for  a  very  high  price. 

PBCORINO. 

The  Fonnagglo  Pecorlnl  are  the  she^'s-mllk  cheeses  made  In  Italy  and  of 
which  there  are  numerous  more  or  less  clearly  defined  kinds.  The  most  com- 
mon cheese  of  this  sort  Is  tbe  one  designated  Cacio  Pecorlno  Romano,  or 
merely  Romano,    Tbls  varies  considerably  in  size  and  sbape.    Tbe  weight  nuv 
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range  ftooi  2  to  2S  pounds.  A  cbeese  of  ordlnaiy  size  Is  about  10  lDche§  In 
diameter  and  6  Incbes  in  thickness.  Tbe  Interior  Is  Bllghtly  greenldi  In  color, 
somewhat  granular,  and  devoid  of  eyes  or  boles.  In  making  Romano  cheeae 
the  mUk  is  heated  to  100°  V.  and  coagalated  by  rennet  In  16  mlnnteB.  The  curd 
Is  cnt.  cooked  to  120°,  frtJrred,  and  put  Into  forma  and  allowed  to  drain.  Salt- 
ing Is  done  both  by  Immersion  in  brine  and  by  rubbing  salt  on  the  surfoce.  As 
mnch  as  7  to  8  per  c«it  of  salt  ia  usnally  Incorporated  in  the  course  of  one 
Doonth.  This  procesH  Is  aomettmea  facilitated  by  punching  several  holes  In  the 
cheese.  Ripening  Is  usually  done  at  a  temperature  of  60°  to  70°  and  requires  8 
months  or  longer. 

The  Pecorino  Dolce  is  artlflclally  colored  with  annatto  and  subjected  to  con- 
siderable pressure  In  tbe  process  of  manufacture. 

Pecorino  Tuseano  la  a  smaller  cheese  than  the  Bomano,  measnrlng  aauBlly  6 
Inches  In  diameter  and  2  to  4  Inches  In  thickness  and  weighing  2  to  5  pounds. 

Among  the  sheep's-milk  cheeses  bearing  local  names  are  the  following:  An- 
cona,  Cotroue,  Iglesias,  Leonessa,  Puglta,  and  TIterho.  In  the  manuftictnre  of 
Viterbo  cheese  the  milk  la  curdled  by  means  of  a  wild  artichoke,  Ctnutra 
tcahpmu. 

PPISTBR. 

This  cbeese  la  classed  In  the  Bmmental  group,  though  Its  method  of  manu- 
facture differs  materially.  It  Is  made  from  fresh  skimmed  cow*b  milk.  It  takes 
Its  name  from  Pflster  Huber,  In  Cham,  Swltserland,  who  eyldNitly  was  the  first 
to  manufacture  it. 
^  Tbe  milk  Is  set  at  85'  F.  with  sufficient  rennet  to  coagulate  It  in  80  minutes. 
Tbe  curd  Is  cnt  coarse  and  allowed  to  stand  for  16  minutes  when  the  whey  Is 
dipped  off.  The  card  Is  again  stirred  for  5  mlnates,  care  being  taken  that  the 
temperature  does  not  fall  below  tbe  setting  point  The  curd  Is  again  allowed 
to  stand  for  6  minutes,  when  it  Is  taken  from  the  kettle  In  a  cloth  and  put  in  a 
boop,  where  it  Is  pressed  for  2i  boura,  being  turned  occasionally  and  dry  cloths 
substituted.  The  cheese  is  transferred  from  the  press  to  the  salt  bath,  where 
it  remains  for  8  days.  It  Is  then  taken  to  a  moist  room  having  a  temperature 
of  86°.  Here  It  Is  placed  «m  shelves  and  turned  and  salted  occasionally.  Tbe 
cheese  is  ready  for  market  at  about  6  weeks  of  age.  It  is  drum-sbaped,  tike  a 
charactnlsttc  Bmmental,  but  not  so  large,  weighing  about  60  pounds. 

PHILADELPHIA  CREAM. 

This  Is  an  ordinary  cream  cheese  put  up  by  a  Arm  in  New  Tork  State.  It  Is 
S  by  2|  by  1}  inches  In  slse  and  is  wrapped  in  parcbmeni  paper  and  tin  folL 

PINEAPPLE. 

Tlila  cheese,  which  is  said  to  have  bad  Its  origin  In  Litchfield  County,  Conn., 
about  1846,  Is  BO  named  from  tbe  fruit  of  that  name  which  the  cbeese  Is  made  to 
resonble  Inshspe.  It  isabard  rennet  cheese  made  from  whole  cow's  milk.  Tbe 
cheese  Is  quite  bard  and  is  rather  highly  colored.  The  early  process  of  mana- 
factnre  la  the  same  as  with  Cheddar,  except  that  it  is  cooked  moch  harder.  The 
curd  Is  pressed  in  the  desired  abape  In  various  sizes  up  to  6  potmds  In  weight 
After  pressing,  tbe  cbeese  Is  dipped  for  a  few  minutes  In  water  at  120°  F.  and 
Is  then  put  In  a  net  for  24  hours,  which  gives  It  tbe  diamond-shaped  corruga- 
tlons  on  the  surface.  It  requires  several  months  to  ripen,  and  during  this 
time  the  surface  is  rubbed  with  oil,  which  makes  It  very  smooth  and  hard. 
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PONT  L'AVtOUE. 

TUB  Is  a  Boft  rnmet  cheese  made  bom  cow's  milk.  Ttaree  grades  are  recoc- 
nlced,  depending  upon  the  quality  of  the  milk  nsttd.  A  Pont  r£v^ne  cheese 
1b  about  4}  iDcliefl  square  and  Ij  iDches  thick. 

This  cheese  W8s  made  In  the  thirteenth  centDiy  tn  the  valler  of  Auge,  from 
which  It  derlTed  its  earlier  name  Augelot,  and  bj  corruption  Angelot.  The 
principal  seat  of  the  Industry  at  the  preseot  time  is  Pont  rfir^ne  and  vldnlty. 
In  the  Depertmoit  of  Calvados,  France.  The  manufacture  of  this  cheese  la  of 
considerable  importance  In  the  region  designated.  The  milk  used  may  be  dther 
whole  milk  with  or  without  the  addition  of  cream,  a  mixture  of  whole  and 
skimmed  milk,  or  milk  entirely  skimmed. 

Coloring  matter  and  warm  or  hot  water  are  usually  added  to  the  milk  before 
setting  with  rennet,  which  Is  done  at  a  temperature  of  atunt  95°  F.  After 
standing  for  15  to  30  minutes  tlw  curd  is  cut,  ranoTed  to  a  draining  board 
for  a  few  minutes,  and  tlien  put  into  square  forms  or  hoops.  The  cheese  Is 
turned  very  frequently  during  the  Srat  half  hour  and  five  or  six  times  more 
during  the  remainder  of  the  first  day.  It  is  salted  the  second  or  third  day 
and  transferred  to  a  well- ventilated  room  for  several  days  When  sufficiently 
dried  it  is  takoi  to  the  curing  cellar.  During  drying  and  ripening  the  cheeses 
are  turned  every  day  and  while  in  the  cellar  are  washed  frequently  with  salt 
water.    Ripening  requires  usually  from  3  to  6  wetiu. 

PORT  DU  SALUT. 

This  is  a  reunet  cheese  made  from  cow's  milk.  In  many  respects  it  is  Inter-, 
mediate  between  the  soft  and  hard  varieties.  The  rind  Is  firm  and  redstant 
but  the  Interior  is  soft  and  bomcwenous.  though  tt  does  not  become  eemlllquid 
like  the  interior  of  Brie  cbeese.  This  variety  of  cheese  originated  about  18BC 
in  the  Trappist  Abbey,  Fort  du  Saiut,  situated  about  6  miles  from  Lsvsl,  in  the 
Department  of  Mayenne,  B^nce.  While  the  process  Is  to  some  extent  kept  a 
secret  by  the  Trapplsts,  very  successful  ImitatlonB  are  made  outride  of  the 
monasteries  In  this  regloo. 

The  milk,  either  wbole  or  pertly  skimmed  and  in«ferably  slightly  acid.  Is 
heated  to  90*  to  9S*  F.  and  suffident  rennet  added  In  order  to  secure  the  de- 
sired flrmuess  of  the  curd  in  about  80  minutes.  Coloring  matter  Is  usually 
added  to  the  milk.  The  curd  is  cut  very  line  and  tn  a  manuer  similar  to  that 
followed  in  makli^;  Elmmental  cheese.  This  requires  about  20  minutes.  A 
part  of  the  wbey  may  then  be  removed.  The  curd  is  then  stirred  and  may  be 
heated  or  cooked  to  a  moderate  degree.  The  final  temperature  reached  in 
cooking  varies  from  100*  to  105*,  depeodiug  upon  the  acidity  of  the  milk.  The 
time  required  in  stirring  and  beating  Is  about  20  minutes.  The  curd  is  then 
allowed  to  settle  and  the  whey  removed.  After  being  stirred  vigorously  for 
two  to  four  minutes,  the  curd  la  put  Into  molds  which  are  of  two  alses,  the 
smaller  about  T  Inches  In  diameter  and  the  lai%er  about  10  Inches.  A  disk 
is  placed  on  the  cheese  and  pressnre  applied  by  means  of  presses  for  10  to  12 
hours,  the  cheese  being  turned  and  the  cloths  frequently  changed  during  this 
time.  The  next  day  the  hoops  are  removed  and  the  cheese  salted.  After  drying 
for  about  2i  hours.  It  is  transferred  to  the  rlpailng  cellar,  where  It  remains 
from  5  to  6  weeks.  lu  this  place  a  temperature  of  about  55°  and  a  relative 
humidity  of  85°  to  90°  is  preferred.  During  ripening  the  cheeses  are  turned 
very  frequently  and  washed  with  salt  water,  the  frequency  depending  some- 
what upon  the  rapidity  with  which  molds  develop.  The  cheese  is  often  sold 
before  the  rlpraiing  process  Is  entirely  complete. 
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POTATO. 

This  cheese  Is  made  iu  Tbarlngia,  In  tbe  central  part  of  Germany.  In  the  manu- 
facture of  potato  cheese,  curd  Ik  made  from  sour  cow's  milk,  or  la  some  coses 
from  renneted  milk.  Sometimes  sheep's  or  goat's  milk  is  used.  The  potatoes 
are  boiled  and  grated  or  mashed.  One  port  of  the  potatoes  Is  thoroughly  mixed 
or  kneaded  with  two  or  three  parts  of  the  curd.  In  the  better  cheese  three 
parts  of  potatoes  Is  mixed  with  two  parts  of  curd.  Daring  the  mixing  salt  Is 
added,  and  sometimes  caraway  seed.  'Rie  cheese  Is  allowed  to  etand  for  2  to  4 
days  while  a  fermentation  takes  place.  After  this  the  cnrd  is  again  thoroogbly 
kneaded  and  placed  In  forms  for  a  day.  It  is  thm  dried  and  Is  sometimes 
covered  with  beer  or  cream.  It  Is  Anally  placed  Id  tubs  and  allowed  to  ripen 
for  14  days. 

A  variety  of  this  cbeese  Is  made  In  the  United  States.  It  Is  probable,  how- 
ever, that  this  Is  not  allowed  to  ripen  for  quite  so  long  a  period  as  the  European 
potato  cheese.    In  all  other  essentials  it  appears  to  be  Identically  the  same. 

POTTBD. 

This  cheMe  Is  very  likely  of  domestic  orl^n.  It  Is  usually  prepared  from 
well-rlpmed  Cheddar  cheese  by  grlndloK  It  very  fine  and  mixing  with  butter, 
condiments,  spirits,  etc  In  the  past  this  baa  been  put  up  in  small  porcelain 
Jars,  but  at  the  present  time  a  portion  of  It  is  wran>ed  In  waxed  paper  and 
eltho:  tin  or  lead  foil.    This  ordinarily  goes  by  the  name  of  Club  cheese. 

PRATTIOAU. 

This  Is  mads  from  skimmed  cow's  milk  and  ts  so  named  from  the  vall^  of 
Switzerland  in  which  It  Is  made.  Its  manufacture  Is  the  same  as  that  of  Llm- 
barg.     Cheeses  weigh  from  20  to  36  pounds. 

PRBSTOST. 

Prestost  is  a  product  of  Sweden,  wbM«  it  ts  often  called  Saaland  Pfbrr.  It 
is  a  rennet  cbeese  made  from  fresh  cow's  mOk  and  reeemUes  Oonda.  It  WM 
known  In  the  eighteenth  century.  The  milk  Is  set  at  90°  F,  and  la  allowed  to 
become  very  firm,  when  It  Is  cut  coarse  with  a  wooden  knife  and  poured  Into 
a  sieve,  which  allows  the  whey  to  drain  off.  The  curd  la  then  put  Into  a  cloth 
and  kneaded.  Whisky  Is  mixed  with  the  curd,  which  Is  then  packed  In  a  basket, 
and  after  some  salt  Is  sprinkled  on  the  surface  It  Is  put  Into  the  cellar.  The 
cloth  Inclosing  the  cheese  is  changed  dally  for  3  days,  after  which  the  cheese  ia 
washed  with  whisky.  A  cheese  Is  cylindrical  In  shape  and  weighs  fi  to  30 
pounds. 

PROVIDENCE. 

This  cheese  Is  aboout  8  Inches  Id  diameter  and  11  Inches  thick,  and  very 
closely  resembles  Fort  do  Saint  It  Is  made  In  the  monastery  of  Brlcquebec  In 
the  Department  of  Mancbe,  France. 


This  Is  oat  at  the  iBOSt  esteemed  of  the  several  klnda  of  hard  rennet  cbeese 
made  In  central  and  southern  Italy  from  cow's  milk,  including  also  that  of  buf- 
faloes.   The  cheese  Is  round  or  oval  and  weigh*  from  4  to  6  ponitds.    Smaller 
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elses  weighing  aboat  2  pounds  are  knono  as  Frovoloul.  In  many  respects,  <n- 
clndlof  ttie  cooking  of  the  curd  with  hot  water  and  the  smoking  of  the  cheese^ 
FroTOle  and  Provolont  resnnbte  Caclocavallo.  Consldarable  amounts  ol  this 
cheese  are  Imported  Into  the  United  States. 

PULTOST. 

Pnltost,  also  called  Enaost,  Is  made  usnally  from  sour  milk,  but  It  may  be 
made  with  rennet  It  is  a  Norwegian  prodnbt  and  Is  made  In  private  dalrlcfl  In 
the  mountains  ol  that  conntry.  The  milk  Is  placed  in  a  kettle  and  If  not  sonr 
enough  to  coagulate  on  warming  the  acidity  Is  Increased  by  the  addition  of 
bnttermllk.  When  safflclent  acid  has  developed  the  milk  is  warmed  to  113°  F. 
The  curd  Is  brokoi  ap  with  a  scoop  and  stirred  to  keep  It  from  matting  together 
while  It  Is  being  beated  to  140°.  It  Is  then  dipped  and  ground  up  floe.  Bntter- 
mllk Is  added  and  the  whole  Is  thoroughly  kneaded  and  put  Into  tronghs,  wh»e 
tt  la  covered  with  a  cloth.  It  is  allowed  to  stand  for  tJiree  days  with  occaatonal 
stirring. 

QUBSO  DB  CINCHO. 

This  Is  a  aour-mllk  cheese  made  In  Venezuela  and  known  also  as  Queso  de 
Falma  Metlda.  It  la  exported  In  the  form  of  balls  8  to  16  Inches  In  diameter 
and  wrapped  In  palm  leaves. 

QUBSO  DB  HOJA. 

This  Is  a  Porto  Rlcan  cheese  made  from  fresh  cow's  milk.  The  curd  Is  cut 
Into  blocks  about  6  inches  square  and  2  Inches  thick.  After  part  of  the  wb^ 
Is  drained  off,  which  may  require  several  hours,  the  pieces  of  curd  are  immersed 
in  water  or  wliey  having  a  temperature  of  150°  F.  This  gives  a  tongh  layer 
to  the  block  of  curd,  which  Is  then  removed  to  a  table  and  pressed  or  stretched 
by  Qm  ,use  of  a  broad  wood^i  spoon  or  paddle.  Salt  la  q)rinkled  on  the  snrbce 
and  the  piece  of  curd  Is  folded  and  wrapped  in  a  cloth  and  squeesed  to  force 
out  the  moisture.  The  finished  product  Is  about  6  Inches  in  diameter,  1  to  2 
Inches  thick,  and  has  slightly  rounded  tc^  and  bottom  snrtaces.  When  the 
cheese  Is  cut  It  appears  to  be  In  layers  like  leaves  upon  <Hie  anotber,  hence  the 
name,  signifying  leaf  cheese. 

QUBSO  DB  MANO. 

This  is  a  eonr-mllk  cheese  resembling  a  hand  cheese,  and  is  made  In  Tene- 
mela.    It  Is  6  to  7  inches  In  diameter. 

QUESO  DB  PRBNSA. 

This  Is  a  Porto  Rlcan  product,  and  Is  a  hard  romet  cheese  made  from  im- 
sklnuned  cow's  milk.  The  milk  Is  allowed  to  stand  six  hours  without  cooling, 
and  rennet  Is  then  added.  The  cnrd  Is  broken  by  hand  or  with  a  stick,  and 
afm  part  of  the  whey  Is  s^tarated  the  curd  Is  transferred  to  a  table  and  Is 
broken  Into  small  pieces.  It  Is  then  put  In  wooden  frames,  and  salt  Is  added 
dther  as  the  curd  goes  into  the  frame  or  by  sprinkling  on  top.  U^t  pressure 
Is  applied,  either  by  hand  or  by  means  of  a  screw.  After  leaving  the  press  tbe 
cheese  Is  placed  on  racks.  It  may  be  eatai  fresh  or  allowed  to  stand  for  2  to  8 
months.  The  cheeses  are  11  Inches  long,  6}  Inches  wide,  and  3  Inches  thick, 
and  weigh  about  S  pounds.     Tbe  name  slgnldes  pressed  cheese. 
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QUESO  DS  PUNA. 

This  Is  a  Porto  Rlcan  product,  rcKmbllng  very  much  the  Cottage  or  Dutch 
cheeee  of  the  United  States.  The  mUk  Ib  set  with  rennet  and  the  cnrd  1b  thor- 
ongbl^  mashed  or  kneaded  bj  hand,  salt  being  added  at  the  same  time.  The 
curd  Is  put  In  a  hoop  S  Inches  In  diameter  and  11  Incbea  deep,  where  It  remains 
without  preeeure  for  2  or  3  da^e,  or  until  It  will  keep  Its  form.  Tbe  cheese  Is 
eaten  freeh. 

SABACAL. 

Tbia  Is  a  round,  rather  firm  cheese  made  from  the  milk  of  sheep  and  goata  In 
the  vlclnl^  of  Colmbra,  Portagal.  A  cheese  Is  4  to  6  Inches  In  diameter  and  1 
Inch  thick. 

RADBN. 

This  Is  a  hard  rennet  cheese  made  from  skim  milk  in  Mecklenburg.  The 
cheeses  are  16  Inches  Id  diameter  and  4  Inches  thick,  and  weigh  32  pounds. 
The  process  of  manufacture  does  not  dllTer  materially  from  that  of  KmmeataL 

RANGIPORT. 

This  cheese  Is  in  every  way  analogous  to  Port  du  Salut  It  Is  about  6  Inches 
In  diameter  and  2}  Inches  thick  and  weighs  about  2}  pounda  It  is  made  In  ths 
Departcoent  of  Selne-et-Olse,  France. 

RAYON. 

ThlH  Is  a  Bpecial  type  of  Emmental  cheese,  made  largely  In  the  Canton  of 
Frlbourg,  Switzerland,  for  exportation  to  Italy,  though  some  Is  novr  manu- 
factured In  Italy.  It  la  made  of  partly  skimmed  milk,  and  the  cooking  Is  ctm- 
tlnued  to  a  point  that  Insures  a  very  dry,  hard  cheeBe,  which  develops  no  eyes. 
After  curing  It  Is  shipped  largely  to  Turin,  where  It  Is  placed  on  edge  on  shelves 
In  a  dry,  warm  cave,  and  the  tat  leaks  out,  leaving  the  cheese  exceedingly  dry 
and  hard,  whm  It  Is  used  for  grating.  After  the  drying  process  tbe  cheese  la 
called  Raper. 

REBBIOLA. 

Rebblola,  or  Boblola,  la  a  soft  cheese,  made  principally  In  the  Alpine  districts 
of  Italy.  The  process  of  manufacture  is  very  simple.  It  Is  generally  made 
from  milk  skimmed  after  12  hours,  but  whole  milk  Is  sometimes  used.  The 
cheese  Is  circular  and  weighs  about  2  pounds.  The  ripening  process  Is  very 
rapid,  requiring  usually  12  to  IS  days.  The  milk  is  set  at  a  temperature  of 
60°  F.,  tbe  time  allowed  being  usually  about  one-half  hour.  The  cnrd  Is  cut 
fine  and  put  Into  molds  8  Inches  In  diameter  and  6  iuchee  high,  tbe  bottom 
being  perforated.  Five  hours  later  the  cheeses  are  removed  from  the  molds 
and  placed  on  a  draining  board  covered  with  straw.  After  2  or  3  days  th«y 
are  salted  and  then  ripoied. 

REBLOCHON. 

This  Is  a  soft  French  cheese,  weighing  1  to  2  pounds.  It  is  made  from  &etb 
whole  mUk,  which  Is  curdled  with  rennet  at  a  temperature  of  80°  F.  or  above^ 
the  time  allowed  being  about  30  minutes.  Tbe  curd  is  cut  to  the  size  of  peas, 
cooked  to  abont  96°,  and  after  the  removal  of  tbe  whey  Is  pat  into  molds  about 
6  Inches  In  diameter  and  2  Inches  In  height    A  weight  of  abont  6  pounds  Is 
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placed  upon  each  cbeeee,  wblcb  Is  turned  freqnently  and  salted  after  ationt 
12  tiours.  In  a  moist  room  having  a  temperature  of  about  60°  tlie  detiirecl 
d^Foe  of  rippling  is  secured  Id  4  to  6  weeks.  An  Imitation  of  this  cbeete^ 
made  In  Savoy,  France,  is  known  as  Brlzecoo. 

RBINDBBR  MILK. 

In  Korway  and  Sweden  the  milb  of  the  reindeer  is  sometimes  used  for 
cbeesemaklng.  Rennet  Is  added  at  100°  F.,  and  the  curd  is  cut  and  dipped 
Into  a  lai^e  frame,  where  It  is  pressed  llghtlj.  The  mass  of  curd  is  then  cot 
Into  pieces  5  by  4  b;  2}  inches,  which  are  salted  on  the  surface  and  are  allowed 
to  ripen  In  a  dry  curing  room. 

RIBSBNOBBIRGB. 

This  Is  a  soft  rennet  cheese,  made  from  goat's  mllK  In  the  mountains  on  the 
northern  border  of  Bohemia.  The  milk  le  set  at  atraut  90°  F.  The  curd  is 
broken  up  and  the  whey  dipped  ofF,  after  which  the  curd  is  put  In  forms,  where 
It  remains  In  a  warm  place  for  21  houra  It  Is  then  covered  with  salt  and  after 
drying  for  3  to  4  days  is  placed  In  the  curing  cellar.  From  each  100  ponnda 
of  milk  18  pounds  of  cheese  is  secured. 

RINNBN. 

This  Is  a  Bour-mUk  cheese  which  was  known  tn  the  eighteenth  century.  It 
Is  made  in  Fomeranla  from  milk  sufficiently  acid  to  cause  a  precipitation  of  the 
curd  when  it  Is  warmed  to  at>out  90°  F.  The  cheese  derlvee  its  name  from  the 
wooden  trough  In  which  It  la  laid  to  drain.  The  curd  Is  broken  up  and  heated 
to  expel  the  whey.  The  cnrd  is  kneaded  by  hand  and  caraway  seed  Is  added. 
It  Is  molded  Into  forms  and  pressed.  Salt  Is  th^i  rubbed  on  the  outside.  The 
cheese  is  dried  and  put  In  a  box  to  ripen. 

ROLL. 

This  is  a  hard  rennet  cheese,  made  In  England  from  unskimmed  cow's  milk. 
It  Is  cylindrical  in  shape,  8  inches  high  by  9  inches  in  diameter.  A  cheeee 
weighs  20  pounds. 

ROLLOT. 

This  1h  a  soft  r«inet  cheese,  2}  Inches  in  diameter  and  2  inches  thick,  made 
in  ttie  Depertmoits  of  Somme  and  Olse.  France. 

ROMADOUR. 

Romadour,  Bemoudou,  or  Bomatur  cheese  is  a  southern  Bavarian  product 
similar  to  Limburg.  It  Is  4i  by  2  by  2  Inches  In  size  and  weighs  1  pound.  It 
is  said  to  be  a  little  finer  Tarlety  of  cheese  than  Limburg  and  to  sell  tor  a 
slightly  higher  price. 

ROQUEFORT. 

This  is  a  hard  rennet  cheese  made  from  the  milk  of  sheep.  There  are.  how- 
ever, numerous  Imitations  or  varieties  closely  resembling  Roquefort,  such  as 
Gex  and  Septmoncel.  made  from  cow's  milk.  One  of  the  most  striking  cbanc- 
terlstlcs  of  this  cheese  Is  the  mottled  or  marbled  appearance  of  the  Interior,  due 
to  the  development  of  a  penlcUllum,  which  is  tbe  principal  rljiening  Ageat.  The 
manufacture  of  Roquefort  clieeae  has  been  carried  on  In  the  sootheastwn  port 
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of  France  for  at  least  two  centuries.  THe  Induatry  la  partlcnlarlf  Important 
Id  tlie  Departmrait  of  AveyroD,  In  whicb  Is  situated  tlie  village  of  Boquefort, 
from  wblcb  tbe  cbeese  derives  Its  name.  It  is  also  made  in  Corsica.  ImltatlonB 
of  Roquefort  cheese  are  made  In  various  countries. 

The  evening's  milk  is  heated  to  140°  to  150°  F.,  cooled,  and  kept  over  night. 
After  being  skimmed  It  Is  mixed  with  the  fresh  morning's  milk.  The  mixture 
Is  then  set  with  rennet  at  a  temperature  of  about  90°.  Id  from  1  to  2  bours 
after  tbe  addition  of  rennet  tbe  curd  is  cut  until  the  imrtlcles  are  about  the  size 
of  walnuts.  The  whey  wblcb  rises  to  the  surface  is  dipped  off  and  tbe  curd  Is 
pnt  Into  hoops  which  are  about  8j  Inches  In  diameter  and  3)  inches  In  height. 
The  hoops  are  filled  usually  In  three  layers,  a  layer  of  moldy  bread  crumbs 
being  Interspersed  between  the  first  and  second  and  second  and  third  loyers. 
The  bread  used  for  this  purpose  Is  prepared  from  wheat  and  barley  fiour,  with 
the  addition  of  whey  and  a  little  vinegar.  It  Is  thoroughly  baked  and  kept  In 
a  moist  place  for  4  to  6  weeks,  during  which  time  It  becomes  permeated  with 
a  growth  of  tbe  mold  referred  to.  The  crust  Is  removed  and  the  Interior  la 
crumbled  very  flue  and  sifted.  The  cbeese  Is  subjected  to  pressure,  which  la 
gradually  increased,  for  10  to  12  hours.  It  Is  turned  usually  1  hour  after 
putting  Into  hoops.  At  tbe  end  of  about  12  hours  It  la  wrapped  in  cloth  and 
taken  to  the  first  coring  room.  The  cloths  are  frequently  changed  during  the 
10  to  12  days  the  cheese  remains  In  this  place. 

Formerly  tbe  manufacture  of  the  cheese  up  to  this  stage  was  carried  on  t>y 
the  shepherds  themselves,  but  in  recent  years  centralized  factories  have  beoi 
established  and  much  of  the  milk  Is  collected  and  there  made  Into  cheese.  Tbe 
cheese  Is  then  taken  to  tbe  caves.  These  are  for  tbe  most  part  natural  caverns 
which  exist  In  large  numbers  In  the  region  of  Roquefort.  The  temperature  In 
these  caves  Is  40*  to  45°,  and  the  air  circulates  very  freely  through  them. 
Recently  artificial  caves  have  been  constructed  and  used.  When  the  cheeses 
reach  the  caves  they  are  salted,  which  serves  to  check  the  growth  of  the  mold 
on  the  surface.  One  or  two  days  later  they  are  rubbed  vigorously  with  cloth 
and  are  afterwards  subjected  to  tliorough  scraping  with  knives,  a  process  for- 
merly done  by  band  but  now  much  more  satifactorlly  and  economically  by  ma- 
chinery. Tbe  salting,  scraping,  or  brushing  seems  to  check  the  developmrat 
of  mold  on  the  surface.  In  order  to  favor  tbe  growth  of  mold  in  the  Interior, 
tbe  cheese  Is  pierced  by  machinery  with  60  to  100  small  steel  needles,  which 
process  permits  tbe  free  access  of  air.  The  cheese  may  be  sold  after  30  to  40 
days  or  may  remain  In  tbe  caves  as  Ioi%  as  5  months,  depending  upon  the 
degree  of  ripening  desired.  The  cheese  loses  during  ripening  by  scraping  and 
evaporation  as  much  as  25  per  cent  of  the  original  weight.  Tbe  weight  whNi 
rlpeied  is  about  4}  to  5  pounds. 

SAANSN. 

This  Is  a  type  of  Emmental  cheese  made  In  Switzerland  from  cow's  mlllt.  It 
Is  sometimes  known  at  Hartkase,  RelbkSae,  and  Walllsk&se.  First  mentioned 
In  the  sixteenth  century.  It  Is  still  manufactured  extensively  at  the  preset 
time  and  exported  to  a  limited  extent.  It  sells  for  a  higher  price  than  the 
regular  Emmental.  The  process  of  manufacture  is  Identical  with  that  of 
Emmental,  except  that  It  Is  cooked  much  dryec,  takes  much  longer  to  cure,  and 
keeps  longer.  The  cheese  weighs  from  10  to  20  pounds.  Tbe  eyes  are  Uim 
and  small. 

The  ripening  period  is  never  leM  than  3  years  and  many  require  as  long  as 

9  years,  the  average  being  fl  years.     Tbe  cheeses  are  kept  to  great  ages,  U 

being  tbe  custom  to  make  a  cheese  at  tbe  birtb  of  a  child  and  eat  it  at  die 
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burial  feast  or  even  at  the  burial  feast  of  a  wn  of  the  child  for  whom  It  bi 
made.  One  cheese  Is  mentioned  as  being  200  jears  old  and  Is  considered  a  great 
honor  to  Uie  household.    Many  cheeses  are  kept  until  the;  are  30  years  old. 

SAGE. 

This  cheese  Is  made  by  the  ordinary  Cheddar  process,  and  may  be  of  any  of 
the  TarlOQS  Bbapee  and  sizes  la  which  that  cheese  is  pressed.  As  se^i  when 
cut  It  has  a  green  mottled  appearance. 

Formerly  sage  cheese  was  made  by  mixing  green  sage  leaves  with  the  cord 
before  it  was  pressed.  At  the  present  time  the  flavor  of  sage  Is  obtained  by  sage 
extract.  To  secure  the  green  mottles,  succulent  green  com  Is  cut  fine  and  the 
Juice  Is  pressed  out.  A  small  portion  of  the  milk  Is  mixed  with  this  Juice  and 
iB  Bet  with  rennet  In  a  amall  vat  while  the  bulb  of  the  milk  Is  set  In  the  ordi- 
nary manner.  After  tbe  curd  is  cut  end  Is  Qrm  enough  to  be  bandied,  the  green 
curd  from  tbe  small  vat  is  mixed  with  the  uncolored  curd,  and  the  process  Is 
continued  as  in  the  Cheddar  process.  This  Is  a  very  popular  variety  of  cheese 
with  many  consumers. 

SAINT  BENOIT. 

This  Is  a  soft  rennet  cheese  resembling  Olivet,  and  Is  made  In  tbe  Departmoit 
of  Lolret,  France.  Charcoal  W  added  to  the  salt  which  is  applied  to  the  exterior 
of  the  cheese.  Ripening  requires  from  12  to  16  days  in  summer  and  18  to  20 
days  Id  winter.    A  cheese  is  about  6  inches  in  diameter. 

SAINT  CLAUDE. 

This  Is  a  small,  sqnare,  goat's-mllk  cheese  made  In  the  reglott  of  Saint  Claude, 
France.  Tbe  milk  Is  curdled  with  rennet  and  the  curd  placed  In  molds  for  6 
to  8  hours.  It  Is  then  salted  and  allowed  to  ripen,  or  may,  however,  be  eaten 
when  fresh.    A  cheese  weighs  from  one^^uarter  to  one-half  pound. 

SAINT  MAKCBLLIN. 

This  la  a  goafs-milk  cheese  made  In  the  Departmait  of  Isere,  France. 
Sheep's  milk  or  even  cow's  milk  may  be  mixed  with  the  goat's  milk.  A  cheese 
Is  about  3  inches  in  dlametw  and  tbree-fourtha  of  an  inch  thick  and  weighs 
abont  one-fourth  pound. 

SAINT  RBHY. 

This  is  a  soft  rennet  cheese  differing  but  little  from  Pont  I'tiiveque.  It  la 
made  In  the  Department  of  Haute-SaOne,  France. 

SALOIO. 

ThlB  Is  a  kind  of  hand  cheese  made  from  skimmed  cow's  milk  on  farms  In 
the  region  of  Lisbon,  Portugal.  It  has  the  form  of  a  ehort  cylinder,  measures 
1)  to  2  Inches  In  diameter,  and  weighs  abont  4  ounces.  A  similar  cheese  of 
about  the  same  character  Is  made  In  Thomar,  abont  BO  miles  north  of  Lisbon. 

SAP  SAGO. 

This  cheese  is  made  from  sour  skimmed  cow's  milk,  principally  in  Qlams; 
Switzerland.  It  Is  known  also  as  Schabsieger,  Olamerk&K,  GrOnerk&s^  and 
Krtuterk&se.  It  is  claimed  to  have  been  made  in  the  thirteenth  coitnry ;  tbe 
autbwtlc  history  at  least  dates  back  to  (be  Bfterath  century.    Sap  Sago  Is  a 
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mnall,  hard,  green  cheese  flarored  with  the  leaves  of  a  species  of  clover ;  it  Is 
shaped  like  a  truncated  cone,  4  Inches  hlgli,  3  Indies  Is.  diameter  at  the  base, 
and  2  Inches  at  the  top.  Tills  cheese  Is  Imported  to  Bome  extent  Into  the  United 
States  nnder  the  name  of  Sap  Sago. 

The  skimmed  mlllc  from  which  this  cheese  le  made  Is  not  allowed  to  become 
sonr  enough  to  co&snlate  on  heating,  as  It  wonld  make  too  bard  a  card.  The 
milk,  wliea  it  has  reached  the  right  acidity  Is  heated  to  the  balling  t^nperatnre 
while  bc^g  Btlrred.  Cold  battenallk  is  then  added,  as  le  also  some  whe;  having 
a  high  pervcstage  of  acidity.  The  material  coagulating  on  the  surface  Is 
skimmed  off.  The  milk  Is  then  stirred  wblle  sufBclent  acid  whey  Is  added  to 
predpltate  the  casein.  When  too  little  whey  Is  used  the  curd  la  too  soft,  and 
when  too  much  is  used  It  Is  too  hard.  The  curd  Is  dipped  with  a  skimmer  and 
spread  out  to  cool  and  then  put  In  boxes  and  allowed  to  drain  and  ferment.  The 
box  is  kept  at  a  temperature  of  about  60°  F.,  and  preBsure  Is  applied  by 
weighting  with  stones;  Ripening  Is  allowed  to  conttnne  for  3  to  6  weeka  It  the 
temperature  of  the  room  Is  too  high  or  there  Is  not  snfficlent  pressure,  too  rapid 
and  strong  fermentation  resnlts.  This  curd  Is  used  for  making  the  finished 
product,  but  the  cheese  Is  seldom  finished  where  the  curd  Is  made.  The  curd  is 
ground  In  a  mill,  and  every  100  pounds  of  cheese  contains  S  pounds  of  salt  and 
2S  pounds  of  dried  MeUlotut  c<rr«Ieo.  an  aromatic  clover  which  ta  grown  In 
the  Canton  of  Schwels  for  the  purpose.  The  ground  material  Is  worked  up 
Into  a  dough  and  Is  forced  Into  molds  lined  with  linen  cloth,  and  the  name  of 
the  manufacturer  Is  stamped  on  the  large  end.  The  mold  Is  then  emptied  and 
refilled.  The  cheeses  are  dumped  promiscuously  Into  a  large  cask  holding  about 
200  pounds.  A  comparatively  small  quantity  is  shipped  Into  this  country.  It 
sells  at  a  low  price  and  is  usually  grated. 

SAS5ENAGB. 

This  Is  a  hard  rennet  cheese,  about  12  Incbes  In  diameter  and  3  Inches  In 
height,  made  from  cow's  milk  to  which  small  quantities  of  goat's  and  sheep's 
milk  are  usoally  added.  The  cheese  ,ts  almost  Identical  with  that  of  Oex  and 
Septmoncel.  It  derives  Its  name  from  tiie  village  of  gassenage,  near  Gr«iobIe. 
in  the  Department  of  Isere,  France.  The  milk  used  Is  usually  a  mixture  of 
skimmed  milk  and  whole  milk.  It  Is  set  with  rennet,  and  the  curd  Is  cat  and 
put  into  molds  In  the  same  manner  as  with  the  other  varieties  mentioned.  .The 
same  Is  also  true  of  the  ripening  process,  which  requires  about  2  months. 

SCANNO. 

This  Is  a  soft  rennet  cheese  made  from  the  tnlik  of  sheep  In  the  Apennlne 
Momitalns,  In  the  Province  of  AbruEio,  Italy.  It  derives  its  name  from  the 
village  of  Bcanno.  The  surface-  of  the  cheese  Is  colored  a  deep  black.  The 
interior  la  bright  yellow  and  has  the  consistency  of  butter. 

SCA8MORZB. 

This  Is  a  small  r«inet  cheem  made  In  southern  Italy  from  the  milk  of  bnlfaloes. 

SCHAMSBR. 

This  cheese,  which  Is  also  known  as  Rhelnwald,  Is  a  rennet  cheese  made  from 
skimmed  cow's  milk  In  the  Canton  GraubUnden,  Switzerland.  The  cbeeses 
wdgh  from  40  to  4&  pounds  and  are  18  Inches  In  diameter  and  6  Inches  high. 
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SchloBskiaet  or  Caetle  cheeses  1b  a  Llmbnrg  cbeeae  made  In  ibe  nortbem  iwrt 
of  AuBtrla.  It  Is  a  Boft-cured  rennet  cheese  4  by  2  by  2  Inches  Id  else.  When 
ready  for  market  it  is  wrapped  In  tin  foil. 

SCHOTTENGSIBD. 

ThlB  a  whey  cheese  made  by  the  peasants  of  the  Alps  for  home  uae. 

SCHWARZENBBRG. 

ThlB  cheese  Is  made  In  sonthem  Bohemia  and  western  Hsngary.  It  Is  a 
rennet  cheese  made  from  partly  skimmed  cow's  milk.  One  part  of  Bklmmed 
milk  Is  added  to  two  parts  of  fresh  milk.  In  about  1  hour  after  the  addition 
of  rennet  the  curd  la  broken  np  and  thorongbly  stirred.  It  Is  then  dipped  Into 
wooden  fonuB  and  llgbt  pressore  applied  for  half  a  day.  Por  4  or  5  days  fol- 
lowing the  cheese  la  rubbed  with  salt  and  la  thKi  taken  to  the  cellar,  where 
It  ts  washed  dally  with  aalt  water  until  ripe,  which  reqaires  2  to  8  mMitlu. 
SfiNBCTERBB. 

ThlB  IB  a  soft  ramet  cheese  orlglnatlas  at  Saint  Nectalre,  In  the  Department 
of  Puy-de-DOme,  France.  It  is  made  ont  of  whoI«  milk.  Is  cylindrical  In  shape, 
and  weighs  abont  1}  pounda 

SBPTMONCBL. 

This  la  a  hard  rennet  cheese  made  from  cow's  milk,  to  which  a  small  propor- 
tion of  goat's  milk  is  sometimes  added.  It  refiembles  the  Gei  and  Saasenage 
Tarletlee  very  closely,  and  its  process  of  manufacture  U  almost  Identical  with 
that  of  Roquefort.  It  Is  also  known  as  Jura  blue  cheese.  It  derives  its  name 
from  the  village  of  Septmoncel,  near  Saint  Claude,  In  the  Department  of  Jura, 
where  the  cheese  is  for  the  most  pert  made.  The  cheese  Is  made  almost  exclu- 
sively on  Isolated  farms  rather  than  In  cooperative  dairies,  and  the  methods 
employed  are  somewhat,  rudimentary. 

The  milk,  which  Is  usually  partly  skimmed,  Is  set  with  rennet  at  a  tMnpera- 
ture  of  about  85°  F.  The  curd  Is  cut  and  stirred  after  about  1}  hours.  After 
tlte  curd  has  settled  the  whey  Is  poured  off.  The  stirring  and  dralntng  nr« 
repeated  several  times  until  the  curd  Is  Bafflciently  Arm  to  put  Into  hoo)e. 
Moderate  pressure  Is  applied  for  a  few  boars.  The  cheese  Is  salted  at  the  end 
of  24  hours,  and  thereafter  dally  for  several  days.  It  Is  then  transeerred  to 
the  first  curing  room,  which  Is  kept  cool  and  moist.  Aftm  3  to  4  w«^s  It  has 
become  covered  with  blue  mold,  whtti  It  Is  transferred  to  cellars  or  natnral 
caves,  where  the  ripening  le  completed  in  f rom  S  to  4  we^s  longer. 

SEKRA  DA  BSTRBLLA. 

TbiH  Is  the  most  highly  priced  of  the  several  kinds  of  clieeses  made  Is 
Portugal.  The  name  refers  to  the  mountainous  region  In  which  the  cheese  te 
produced.  It  Is  made  for  the  most  part  from  the  milk  of  sheep,  bnt  goat's  milk 
Is  often  added  to  this,  or  even  used  alone,  and  occasionally  cow'b  milk  1b  used. 

The  method  of  making  this  cheese  Is  comparatively  simple.  The  milk  Is 
warmed  In  a  kettle  with  little  reEard  to  the  temperature  obtained,  and  la 
coagulated  In  most  cases  by  means  of  an  extract  of  the  flowers  of  a  kind  of 
tUstle.    Tbe  time  required  for  curdling  varies  from  2  to  6  houra,  depending 
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upon  the  amount  of  tbe  extract  naed.  Tbe  curd  1b  broten  up  wltb  a  ladle  or 
by  band,  mueesed  to  remove  ntoBt  of  tlie  vb^,  and  pat  Into  circular  fcwms. 
After  draining  until  sufflclNitlT  flnn  the  cheesee  ere  removed  from  tbe  bo<4Ki 
and  allowed  to  ripen  for  several  weeks,  daring  whlcb  time  tbaj  ar«  freqaentlr 
waahed  wltb  whey  and  salted  on  tbe  iarfaca  Tbe  cbeeaee  vary  mocb  in  size, 
the  larger  meaauring  about  10  incbee  in  diameter  and  2  Incbea  thick,  and  weigh- 
ing about  C  pounds.    The  cbeeee  Is  rather  soft  and  has  a  pleasant  acid  taste. 

A  similar  cheese  made  In  another  part  of  Portugal  Is  known  as  Castello 
Branco. 

SERVIAN. 

In  making  Servian  cheese  the  milk  is  warmed  In  a  kettle  over  a  fire  or  in  a 
tub  by  Immersing  heated  stones.  After  tbe  rennet  Is  added  tbe  milk  is  allowed 
to  stand  I  hour.  The  curd  Is  tben  lifted  In  a  clotb  and  tbe  whey  allowed  to 
drain.  It  Is  tben  placed  In  a  wooden  veas^  salted,  and  covered  sncceaalvely 
with  vfbej  for  about  8  days  and  freab  milk  for  about  6  days. 

SILB8IAN. 

A  cbeese  known  locally  as  Bcbleelscber  Welcbquarg  Is  made  from  skimmed 
cow's  milk,  tbe  process  of  manufacture  resembling  that  of  hand  cheese.  The 
milk  Is  allowed  to  coagulate  from  souring  and  the  curd  Is  brokHi  up  and  cooked 
at  100°  F.  for  a  short  period.  Tbe  curd  is  then  put  In  a  clotb  sack  and  iigbt 
pressure  applied  for  24  hours,  after  whlcb  It  le  kneaded  by  hand  and  salt  and 
milk  or  cream  are  added.  Flavoring  substances  such  as  onions  or  caraway  seed 
are  also  sotuetlmes  added.    Tbe.  cheese  la  eaten  fresh. 

Another  cheese  known  as  Scbleslscber  Sanermllchkase  is  also  made  in  mncb 
the  same  way  as  band  cheese.  Tbe  cheeses  are  kept  on  shelves  covered  wltb 
straw,  and  nre  dried  by  tbe  stove  in  winter  and  in  a  latticework  bouse  in 
summer.  Drying  is  continued  until  the  cbeese  becomes  very  hard.  Tbe  cbeese 
In  ripened  in  a  cellar,  tbe  process  requiring  8  to  8  weeks,  dnrlng  wblcb  time  It  IB 
washed  every  few  days  with  warm  water. 

SIRAZ. 

This  Is  a  Syrian  cheese  made  as  a  rule  from  whole  milk.  The  milk  is  set 
at  104°  P.  and  tbe  curd  is  lifted  fnmi  tbe  wh^  with  a  cloth  and  pressed  Into 
cakes  4  (o  6  Inches  In  diameter  and  1  Inch  Uilck.  These  cakes  are  placed  In  tbe 
son  to  dry  until  the  fat  commeacea  to  run,  wben  they  are  rubbed  several  times 
with  salt  until  a  good  crust  is  formed.  The'  cakes  are  then  packed  In  a  woodm 
vessel  and  allowed  to  ripen.  The  cut  surface  shows  a  smooth  appearance  witli- 
out  bolee.    It  is  between  a  hard  and  a  soft  cheese. 

SLIPCOTS. 

This  cheese  Is  made  In  Rutlandshire,  England.  It  Is  a  soft  nnrlpened  romet 
cbeese,  made  from  cow's  milk.  The  curd  is  dipped  Into  small  forms  and  no 
pressure  Is  applied.  After  the  cheese  Is  removed  from  tbe  form  the  surface  dries 
and  cracks  and  Is  easily  slipped  off,  hence  the  name.  It  Is  an  old  cbeese,  having 
been  well  known  In  the  middle  of  tbe  elgbteentb  ceutnry. 

SPALBN. 

This  Is  a  type  of  fiumeatal  cbeese,  and  Is  sometimes. known  as  Strioger.  Its 
origin  is  unlmown.  It  Is  made  larg«^y  In  tbe  Canton  of  Uaterwalden.  Switxer- 
Isind,  from  sweet  cow's  milk,  (tften  partly  sUmmed.   The  name  Is  dwived  from 
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Ilie  vessel  In  which  the  cheetieH  nre  tran^mrted  &nd  in  which  flrt-  or  six  of  tbMn 
are  packed.  This  la  a  eniall  cbecM  for  bd  Emmental  type.  Each  cheeae  welgha 
from  SG  to  40  ponnds. 

No  tbermcnneter  la  oaed  in  tbe  mandfactnv.  tbe  texoftrmtatK  being  lodged  by 
tbe  feeling,  and  a  Terjr  uneven  product  ta  tbe  remit.  Tlte  proceaa  at  ""fc^g 
wema  to  raiy  mwdi,  tbe  preea  consMlng  of  a  board'  wltli  atoeM  tor  wei^rtB^ 
and  the  tempentnre  of  tbe  cellar  belm;  poorly  regnlated. 

SPITZ. 

Tbla  la  a  unall  rennet  ch«eae  made  from  cow's  milk.  The  cbeeie  la  cylindrical 
In  shape;  being  4  Incbea  high  and  11  incbee  In  diameter. 

STEPPES. 

This  name  Is  applied  to  a  Baaslan  cheeee  made  from  whole  milk.  The  milk 
after  the  addition  of  coloring  matter  la  heated  to  about  90°  F.  and  treated  with 
Bafficlent  rennet  to  secure  coagolatloa  In  40  to  45  mlnntea.  The  curd  Is  cut  Into 
Jarge  cubes,  the  whey  rranoved  slowly,  and  the  curd  Is  still  further  brokoi  up 
until  the  particles  are  uniformly  about  tbe  slse  of  peas.  The  curd  la  th«i  heated 
gradually  to  100°  to  104°,  the  mass  meanwhile  being  gently  agitated.  The 
stirring  Is  kept  up  for  some  time  after  beating  ceases  until  the  curd  becomes 
dry,  when  it  la  placed  In  molds  10  by  S}  by  7  Inches.  After  the  cheeaee  are  re- 
moved from  the  molds  they  are  turned  freqa«ntly  and  6  hours  later  are  aalted 
and  transferred  to  the  curing  cellar,  where  a  temperature  of  about  C5°  Is  main- 
tained. During  ripening  the  cheeses  are  worked  occaelonaDy  with  eolt  water 
and  turned  frequently. 

STILTON. 

This  ie  a  hard  rennet  cheese,  tbe  beat  of  which  is  made  from  cow's  milk  to 
which  a  portion  of  cream  has  been  added.  It  was  flrat  made  near  the  village  of 
Stilton,  Huntingdonshire,  England,  about  the  middle  of  the  elgbte^ith  century. 
It  Is  now  made  principally  In  Leicestershire  and  west  Rutlandshire,  though  its 
manufacture  has  extended  to  othn:  parts  of  England.  Its  manufacture  has  beoi 
tried,  though  without  success.  In  tbe  United  States.  The  cheese  is  about  7 
Inches  in  diameter  and  9  inches  high  and  weighs  12  to  IB  ponnds.  It  has  a  very 
cIuracteriBtlc  wrinkled  or  ridged  skin  or  rind,  which  is  likely  caused  by  the  dry- 
ing of  molds  and  bacteria  on  tbe  sur&ce.  When  cut  It  shows  tjltie  or  green  por- 
tions of  mold  which  give  Its  characteristic  piquant  flavor.  The  price  In  this 
country  Is  about  4!j  cents  a  pound  wholesale.  The  cheese  belongs  to  tbe  same 
group  as  the  Roquefort  of  France  and  the  Oorgoueola  of  Italy. 

The  morning's  milk  is  put  in  a  tin  vat  and  the  cream  from  the  night's  milk  is 
added,  and  the  whole  Is  brought  to  a  tonperature  of  80°  F.,  wlien  the  rennet  ia 
added.  It  Is  claimed  by  some  cheese  makers  that  tbe  curd  should  be  softer 
when  broken  up  or  cat  than  the  curd  for  Cheddar  cheese,  while  by  others  It  is 
believed  that  It  should  become  very  firm  before  it  is  disturbed,  allowing  1  to  2 
bours  for  setting.  When  sufficiently  firm  the  curd  Is  dipped  Into  cloths  wtilch 
are  placed  In  tin  strainers.  After  draining  for  1  hour  tbe  cloths  containing  the 
curd  are  packed  closely  together  In  a  large  tub  and  allowed  to  remain  for  12 
hours,  when  they  are  again  tightened  and  packed  for  18  hours.  The  curd  is 
ground  up  coarse  and  salt  is  added.  1  pound  to  60  pounds  of  curd.  The, curd  is 
th^i  pnt  Into  tin  boops  8  inches  In  diameter  and  10  Inches  deep.  The  cbeesee 
remain  In  the  hoops  foj-  6  days,  when  they  are  bandaged  for  12  days,  or  until 
they  become  firm,  and  are  then  placed  in  the  curing  room  at  6G°.  Ripmed  Stil- 
ton cheese  is  of  late  often  ground  up  and  put  into  Jars  holding  1  to  2i  poimds. 
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STRACCHINO. 

This  name  Ib  applied  to  several  fonns  of  Italian  soft  cheeses,  tbe  best  known 
of  whlcb  la  Straccblno  dl  QorgoiiEOla,  whicli  ia  described  under  tbe  name  of  Gor- 
gonzola.  A  square  form  8  to  8  Incbea  on  a  side  and  1}  Incbee  tblck  is  known  aa 
Straccblno  dl  MUano,  Fresco,  Quadro,  or  Quartlrola.  Tbls  cbeese  is  prepared 
similarly  to  Gorgonzola  but  la  allowed  to  ripen  for  only  about  2  montbs.  It  la 
not  mucb  exported.  Straccblno  Crescenza  Is  a  very  soft  and  blgbly  colored 
cbeese  usually  eaten  fresh.  The  form  la  similar  to  that  of  the  Quartlrola.  It  la 
UBually  marketed  In  about  8  days  and  can  not  be  kept  long. 

STYRIA. 

This  IB  a  cyllDdrical-atuvped  cheeee  made  from  nnaklmmed  cow's  milk  in 
Styrla,  Austria. 

SWEET  CVRD. 

This  Is  a  name  applied  in  tbe  United  States  to  a  bard  rennet  clieese  made 
from  cow's  milk.  The  name  is  used  to  dtstlngntab  It  trova  the  ordinary  Cheddar 
or  granular  process,  as  In  making  Sweet  Curd  cbeeae  the  milk  Is  set  sweet,  and 
Uie  cutting  and  cooking  are  done  rapidly  without  regard  to  the  development 
of  acid.  In  making  this  cbeese  the  curd  la  cooked  very  Ann  and  Is  salted  and 
put  to  press  immediately.  In  all  other  respects  the  process  Is  tbe  same  aa  for 
Cheddar,  and  the  cheese  when  ripened  resemblea  that  cbeeae  very  closely. 


Swiss  or  Schweitzer  cheeee  belongs  to  tbe  Emmental  group  of  cheeses  and  Is 
made  usually  from  halt-sktramed  cow's  mUk.  Its  manufacture  la  very  old.  It 
Is  supposed  to  have  originated  in  tbe  Alps,  bnt  Is  now  made  in  most  of  the 
snrroundlng  countries.  It  is  made  mostly  In  tbe  winter  season,  when  the  price 
of  butter  Is  high,  and  only  for  local  consumption.  Its  manufacture  differs  trom 
real  Gmmental  In  that  it  Is  made  trova  half-sklmmed  milk.  The  morning's  milk 
la  first  heated  and  tbe- skimmed  ev^ilng's  milk  la  added.  Tbe  cnrd  Is  cut 
coarser  and  Is  not  cooked  so  firm  as  Bmmgital,  which  gives  a  softer  and  more 
quickly  ripened  cheese. 

The  cbeeae  made  In  the  United  States  whlcb  goes  by  tbe  name  of  Swiss  or 
Domestic  Swiss  Is  in  reality  an  imitation  of  tbe  Emmental  cheese,  as  It  Is  made 
ftom  whole  milk. 

TAFI. 

This  cheese  la  manufactured  in  the  Province  of  Tucnman,  in  tbe  Argentine 
Republic. 

TAMI& 

This  cheese  la  made  by  tbe  Trapplsta  in  Savoy,  France.  The  whole  milk  Is 
beated  to  about  80*  F.  and  coagulated  with  rennet  In  about  30  minutes.  Tbe 
curd  Is  cut  fine,  cooked  to  about  100°,  stirred,  and  put  Into  molds  T  Incbea  In 
diameter  and  4  inches  In  height  Tbe  cbeese  is  pressed  for  6  to  S  hours,  the 
cloths  being  changed  frequently.  After  being  salted  tbe  cheese  Is  ripened  for 
6  to  6  weeks.  Tbe  method  of  manufacture  is,  to  a  large  extent,  a  trade  secret. 
Tbe  Tome  de  Beaumont  la  a  more  or  lees  anccessful  Imitation. 
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Tltl§  iB  a  Bheep's-mllk  cheese  made  In  Holland.  It  was  known  In  the  seven- 
teentli  ccutury.    A  cheese  welglu  .3  to  4  ponnda  and  ia  colored  green. 

THBNAY. 

Thla  Is  a  aoft  rennet  cheese  resembling  Camembert  and  VoidAme  and  is  made 
In  the  K^lon  of  Tbeney  In  the  Department  ol  Lolr-et-Cher,  France.  It  la  of 
comparatively  rec^it  origin,  and  its  cooeomptlon  la  limited  practically  to  tbe 
r%Ion  in  wblch  It  ia  produced. 

The  evening's  lullk  without  being  aklmmed  la  mixed  with  the  freah  momlng'a 
milk.  The  milk  is  set  with  rennet  at  a  temperature  of  about  86'  F.  and 
allowed  to  stand  for  4  to  5  hours.  The  curd  is  thai  brcAen  up  and  put  Into 
boopa  about  S  Inches  In  diameter  and  4  Inches  in  height.  After  draining  for 
about  1  day  it  is  toroed  and  salted.  The  cheese  Is  thai  kept  for  about  20  daj-s 
In  a  well-ventilated  room  during  which  time  It  becomes  covered  with  molds.  It 
la  then  taken  to  the  curing  cellar  for  about  10  days. 

TIGNARD. 

Thla  Is  a  hard  reainet  cbeese,  resembling  Gex  and  Saasenage,  made  from 
sheep's  and  goat'a  milk  In  the  valley  of  tbe  Tigne,  In  Savoy,  France. 

TILSIT. 

Thia  Is  a  hard  rennet  checee  made  mainly  In  East  Pruasla  from  nnsklmmed 
cow's  milk.  It  Is  sometimes  called  Ragnlt.  Tbe  milk  Is  set  at  92°  F.  wllb  snifl- 
cl^t  rennet  to  coagulate  In  from  IS  to  40  minutes.  The  curd  Is  rather 
coarsely  cut  or  brokoi  and  is  cooked  to  104*  to  110°,  being  stirred  meanwhile 
with  a  harp.  The  curd  Is  cooked  Quite  Arm  or  until  It  can  iu>t  be  aquccgcd 
through  betwe^)  the  flogers,  wblch  require*  about  40  mlnutea.  It  la  tlten 
dipped  into  cylindrical  forms,  where  it  remains  24  hours.  Tbe  cheese  is  then 
covered  thickly  with  salt  for  fnnn  1  to  2  daya,  when  It  la  put  Into  a  aalt  bath 
for  3  to  6  days  and  then  transferred  to  tbe  cellar..  Here  it  la  rubbed  and 
washed  with  salt  water  frequently,  and  allowed  to  ripen  for  4  to  6  montlia. 
The  cheese  Is  6  to  12  Inches  In  diameter,  3  to  4}  Inches  in  bel^t,  and  weighs 
from  6  to  28  pounds.  It  resembles  In  general  charactertatlca  the  Brldc  cheese 
of  the  United  States. 

TOPPEN. 

This  is  a  German  fmnr-mllk  cheese  made  from  skim  milk  and  eaten  while 
fresh.    It  Is  put  up  in  small  packages  weighing  about  1  onnca 

TRAPPIST. 

This  cheese  originated  with  tbe  Trappiata  In  1885  In  the  monastery  of  Maria- 
stem,  near  Banjalnka,  In  Bosnia.  The  fresh  milk  is  heated  to  about  ffi°  F. 
and  rennet  is  added.  After  1  to  H  hours  the  curd,  without  being  cut  or  stirred. 
Is  put  Into  hoops  and  pressed,  after  wblch  It  Is  salted  and  ripened.  The 
growth  of  mold  la  enttrdy  prevented  by  frequent  washing,  and  thus  the  cheese 
ripens  uniformly  throughout  The  ripening  period  of  the  smaller  cheeses  Is 
fi  to  6  weeks  In  summer,  but  the  cheese  Is  usually  shipped  at  the  end  of  4  to 
S  weeka  Tbe  cheese  Is  pale  yellow  In  color  and  has  a  remarkably  mild  taste. 
Although  this  cheese  Is  to  be  classed  among  tbe  aoft  varieties,  tbe  water  con- 
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teat  Is  oftai  below  45  iter  cent.  Tbe  rlpealog  Is  also  more  characteristic  of 
ttie  bard  cbeeseB.  Tbe  smallest  size  ot  tlie  cbeese  made  in  tlie  monasterr 
referred  to  bas  a  diameter  of  6  Inches,  a  height  of  2  inches,  and  weigbe  2  to 
3  pounds.  A  larger  size  measures  8  inches  in  diameter,  2}  inches  in  beigbt,  and 
weighs  about  10  pounds.  There  Is  also  a  still  larger  size.  Tbe  cheese  Is  ex- 
ported to  a  large  extent  to  Anstrla  and  Hungary,  tbe  most  important  centers 
of  tbe  trsde  la  tbeee  regions  being  Gratz  and  Budapest  It  is,  however,  found 
in  all  of  tbe  large  cities  of  Austria,  and  tbe  demand  appears  to  be  constantly  In- 
creaslng.    Tbla  cheese  is  ver;  probably  the  same  as  Port  du  Saint 

A  cheese  whlcfa  ts  very  likely  Identical  wltb  tbe  Trapplst,  or  Port  du  Salat, 
is  made  In  tbe  Trapplst  monastery  at  Okq,  Canada,  and  goes  by  tbe  name  of 
Oka  cheese. 

TRAVNIK. 

This  Is  a  soft  rennet  cheese  made  usnnlly  from  whole  sheep's  milk  to  which  a 
small  amount  of  goat's  milk  Is  added.  Skimmed  milk,  however,  is  sometlmea 
used.  It  Is  also  known  as  Amauten  and  Vlaslc.  This  cheese  originated  in 
Albania  In  the  nortbwestem  part  of  Turkey  In  Europe  and  has  been  made  for 
at  least  a  century.  In  the  country  of  origin  it  was  known  at  first  by  tbe  name 
Amautski  Sir  or  Amauten  cheese.  At  the  present  time  it  Is  made  In  Bosnia 
and  Herzegovina,  but  priuclptiUy  In  the  Vlaslc  Plain.  Tbe  center  of  trade  In 
this  cheese  Is  Travnlk  la  Bosnia. 

The  fresh  warm  milk  1b  treated  with  snfflclent  rennet  to  secure  coagulation  in 
one  and  one-fourth  to  two  hours  and  Is  then  allowed  to  stand  for  a  short  time 
until  the  coagolum  contracts  and  the  whey  api)ears  on  the  surface.  The  curd 
is  then  put  Into  woolen  sacks  and  drained  for  7  to  8  hours,  when  It  is  pressed 
into  Qattened  balls  by  hand.  These  are  dried  for  a  short  time  In  tbe  open  air 
and  then  packed  into  wooden  receptacles  varying  In  diameter  from  14  to  28 
inches,  having  a  height  of  about  24  Inches,  and  holding  from  00  to  130  pounds  of 
cheese.  Each  layer  of  cheese  Is  salted  and  pressed  so  that  no  air  spaces  are 
left.  When  the  receptacle  is  filled  tbe  whey  usually  shows  at  the  surface,  any 
excess  being  removed.  Moderate  pressure  Is  applied  to  tbe  cover  placed  upon 
tbe  cheese.  When  fresh,  the  cheese  made  from  whole  sheep's  milk  bas  a  soft 
consistency,  a  nearly  white  color,  and  a  pleasant,  mild  taste.  Tbe  cheese,  how- 
ever. Is  usually  allowed  to  ripen  for  two  wedu  to  several  montbs.  No  boles 
^lould  develop  in  the  cheese. 

TROUVILLB. 

This  is  a  soft  rennet  cheese  made  in  tbe  same  locality  as  Pont  rftr^ne  and 
ts  of  the  same  nature  though  euperiCHr  In  quality.  Only  fresh  whole  milk  ig 
used.  The  temperature  of  setting  wltb  rennet  Is  8S*  to  9S°  F.  Tbe  growth  of 
molds  during  ripening  is  prevented  by  frequent  washing  wltb  salt  water. 

TROVES. 

Two  kinds  of  cheese  are  referred  to  by  this  name — one  a  washed  cheeae  wltb  a 
yellow  rind,  known  as  Ervy,  and  tbe  other  a  cheese  very  closely  resembllBg 
Camembert  and  known  as  Barberey.    Tbe  industry  Is  quite  restricted. 


Tana  cheese  Is  a  Mexican  product  which  bas  been  ot  local  Importance  from 
an  early  data  It  Is  really  a  confection  rather  ttian  a  cheese,  being  made  from 
tbe  fruit  of  tbe  Tuna  carioTta,  or  sometimes  tbe  Tuna  pachona.    Tbe  product 
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Is  made  by  boUlng  and  straining  the  Tuna  pulp  nntll  a  cbeeoe-llke  consIatencT  U 
reacbed,  Bometlmes  wltb  tbe  addition  of  nuts  or  flavora.  It  la  of  a  cbocolate 
color,  pleasant  to  tbe  taste,  and  wbolesome.  It  la  aald  to  keep  in  good  conditton 
Indeflnltelr. 

TWOROO. 

Tbls  Is  a  sonr-iiiilk  cbeese  made  in  Bussla.  Tbe  Bonred  milk  Is  kept  tn  a 
warm  place  for  24  boun,  when  tbe  wb^  la  remored  and  tbe  card  pat  bito 
wooden  forms  and  subjected  to  pressure.  Tbla  cbeese  is  made  on  a  large  scale 
by  fanners  and  Is  often  used  in  making  a  bread  called  "  NotmscbkL" 

URI. 

This  Is  a  bard  rennet  cow'a-mllk  cbeese  made  In  tbe  Canton  of  Drl,  Switzer- 
land. It  has  a  diameter  of  8  to  12  Inches  and  Is  8  inches  high.  It  weighs  20 
to  40  pounds. 

VACHBRIN. 

This  name  Is  applied  to  two  quite  different  kinds  of  cheese. 

The  form  designated  Vacherln  It  la  Main  1b  made  in  Switzerland  and  in  SaTOy, 
Frauce.  Whole  cow's  milk  la  set  wltb  rennet  at  a  temperature  of  about  S5°  F.. 
and  tbe  curd  is  cut  very  fine  and  put  into  hoops  12  Inches  in  diameter  and  5 
to  6  Inches  high.  It  Is  salted  and  ripened.  The  rind  la  Qrm  and  hard,  but  tbe 
interior  la  almost  liquid  in  conalstency.  It  Is  either  spread  on  bread  or  eaten 
with  a  apoon.  A  ripened  cheese  weighs  from  5  to  10  pounds.  A  cheese  of  this 
kind  made  In  the  same  region  Is  known  locally  as  Tome  de  Uontagne. 

Tbe  form  designated  Vacherln  Foodu  is  made  In  much  the  same  manner  aa 
Bmmentflt  cheese.    The  ripened  cbeese  is  then  melted  and  spices  are  added. 

vbnd6mb. 

This  la  a  soft  rennet  cheese  resembling  Camembert  and  Thenay,  and  Is  made 
In  the  region  of  VendOme  In  the  Department  of  Lolr-et-Cher,  France. 

The  warm  morning's  milk  Is  tisually  mixed  with  that  of  the  previous  evening, 
which  aecures  ordinarily  a  aettlng  temperature  of  75'  to  85°  P.,  which  Is 
desired.  The  period  of  setting  is  4  to  5  hours  In  summer  and  5  to  6  hours  in 
winter,  l^e  curd  Is  then  broken  up  and  put  Into  hoops  about  5  Inches  In 
diameter  and  4  inches  In  height.  After  draining  for  24  hours  the  cbeese  is 
turned  and  salted,  which  process  Is  twice  repeated  at  intervals  of  12  hours. 
When  sufficiently  dried  It  is  placed  in  tbe  curing  cellar,  where  It  Is  often  burled 
in  ashes.  This  cheese  is  placed  by  some  ou  a  rank  with  Camembert.  The 
principal  market  Is  Paris. 

VILLIBRS. 

This  Is  a  soft  rennet  cbeese  made  In  tbe  Department  of  Haute-Mame,  Prance. 
It  la  a  square  cheese  weighing  about  1  pound. 

VOID. 

Thla  Is  a  soft  rennet  cheese  rsembllng  Pont  I'flvSque  and  Llmbnrg.  It  Is 
made  In  the  Department  of  Mouse,  France.  Tbe  milk  is  set  with  rennet  at  a 
high  tempernture,  the  whey  Is  removed  aa  rapidly  na  possibly  and  tbe  cheeses 
during  rippling  are  washed  frequently  with  salt  water. 
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VORARLBERG  SOUR  MILK. 

TUB,  as  the  name  Indicntes,  fs  mode  from  sour  cow's  milk.  It  Is  semicircular 
In  shape  and  Taiiee  In  alie.    II  Is  eeseaitiaUy  a  hard  cbeese. 

The  sweet  milk  Is  put  in  a  kettle  end  raised  to  77*  F.,  and  sour  thickened  milk 
la  added  and  the  mlstnre  stirred  and  heated  to  85°,  at  which  temperature  It 
coagulates.  While  this  Is  being  stirred  with  a  curd  scoop  the  temperature  is 
raised  to  10S°.  The  curd  Is  then  dipped  Into  forms,  wbeie  It  U  turned  a  few 
times  during  24  hours.  Salt  Is  rubbed  on  the  surftce  and  the  cheese  U  placed 
lu  a  room  liavlng  a  temperature  of  67*.  The  cheese  Is  then  placed  in  a  cask 
and  held  for  8  daya.  and  salt  1b  sprinkled  over  the  surface  daily.  The  ripening 
Is  completed  In  o  cellar.  Wben  ripe  the  cheese  Is  greasy  and  has  a  very  strong 
odor  and  llaror. 

WEISSLAK. 

Tbts  is  a  soft  cured  rennet  cheese  made  from  cow's  milk  In  the  Bararlan 
Algau,  Germany.  The  cheese  weighs  about  2}  pounds,  and  Is  rectangular  In 
shape,  4J  by  4  by  3j  Inches. 

WBNSLBYDALB. 

This  cheese  derives  Its  name  from  the  valley  In  Torksbire,  England,  la  which 
It  is  made.  It  is  a  rennet  cheese  made  from  whole  cow's  milk.  It  Is  cylindrical 
In  shape  and  weighs  from  6  to  16  iwnnds. 

In  the  old  method  of  manufacture  the  evening's  milk  Is  heated  to  100°  F.,  and 
the  fresh  morning's  milk  Is  added.  It  Is  set  with  sofficlent  rennet  to  coagu- 
late it  In  3S  minutes.  The  breaking  or  cutting  process  requires  35  minutes, 
after  which  the  curd  is  allowed  to  stand  for  45  minutes  at  90°.  The  whey  Is 
then  r^noved,  and  the  curd  Is  put  In  vats  lined  with  cloth  and  light  pressure 
Is  applied  tor  80  minutes.  The  curd  Is  broken  up  and  allowed  to  drain  for  1 
hour.  It  is  then  milled  and  Is  pressed  for  24  hours,  wben  It  Is  wrapped  In 
cloth,  and  finally  put  In  brine  for  3  days. 

In  the  new  method  of  manufacture  the  evening's  milk  and  morning's  milk 
aro  mixed  In  a  copper  kettle,  heated  to  95°,  and  enough  rennet  Is  added  to 
coagulate  It  In  45  minutes.  The  curd  Is  then  broken  up  by  band  or  with  a 
breaker.  The  whey  Is  removed  and  the  curd  dipped  into  tin  hoops  where  It 
drains  for  3  hours.  It  Is  then  turned  and  drained  for  another  3  hours.  After 
pressing  for  24  hours  the  cbeese  Is  salted  by  Immersion  In  brine  for  3  days. 

WSST  PRIBStAN. 

This  Is  a  rennet  cheese  made  from  skimmed  cow's  mtlk.  The  milk  Is  set  In  a 
copper  kettle,  1  hour  being  allowed  for  coagulation.  The  curd  ia  broken  up  and 
placed  In  a  wooden  tub,  where  It  is  kneaded.  The  curd  Is  allowed  to  stand  for 
several  hours  and  then  salted.  It  Is  pressed  for  3  bours,  washed  In  hot  water, 
wrapped  In  a  fine  cloth  and  again  pressed  for  12  hours.  The  cbeese  Is  eaten 
when  1  week  old. 

WESTPHALIA  SOUR  HILK. 

This  Is  a  hand  cbeese  made  In  Weetphalle.  Sour  milk  la  stirred  and  heated 
to  100°  F.,  and  placed  In  a  sack  and  the  whey  pressed  out.  The  curd  Is  then 
kneaded  by  band  and  salted,  butter  and  caraway  seed  or  pepper  being  added. 
It  Is  thei  molded  by  hand,  dried  for  a  few  hours,  and  ripened  in  a  cellar. 
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WHITE. 

Promage  Blanc,  of  White  dteaae.  Is  a  Alu-nillk  cheese  made  In  France  during 
the  summer  months.  The  mltk  la  Mt  with  rennet  at  about  76°  F.  The  nurd  1h 
nanaliymolded  Into  cyllndrleal  torma.  Tbe  cbaeae  la  consumed  while  frerti  and 
maj  or  may  nob  be  ealted. 

WITHANIA. 

This  iB  80  called  bacaum  made  with  retiaet  manQfactnred  from  wlthanla 
berries.  Cheese  made  with  the  rennet  of  these  berries  Is  said  to  hare  an  agree- 
able flavor  If  ripened  to  the  right  degree,  bnt  It  develope  an  acrid  flavor  with 
age.  The  texture  la  not  so  good  as  with  animal  remet.  This  farm  of  rennet  Is 
recommended  for  nse  in  India,  where  the  religion  and  prejudice  of  the  people 
make  the  nse  of  animal  rennet  Impractical. 

ZIECEL. 

TblB  Is  a  cheese  made  In  Austria  eltber  from  whole  cow's  mlik  or  from  whole 
milk  to  which  15  per  cent  of  cream  hHB  been  added.  The  cheese  measores  3  by 
2  by  2j  inches,  and  weighs  about  one-Iulf  pound. 

In  making  the  whole-milk  cheese  the  milk  Is  warmed  to  9S°  F.  and  sufficient 
rennet  Is  added  to  coagulate  It  In  30  minutes.  The  curd  la  broken  up  with  a 
harp  and  cut  loose  from  the  bottom  of  the  ressel,  after  which  It  is  allowed  to 
remain  imdlsturbed  for  30  mioutca.  At  the  end  ttf  this  time  the  curd,  which  Is 
again  matted  together,  la  cut  into  piecea  and  stirred  g«ttly  for  a  conalderable 
time,  after  which  It  Is  allowed  to  stand  again  for  IS  minutes.  The  collected 
whey  la  then  dipped  off  and  the  curd  Is  dipped  Into  forma  which  are  24  Inches 
long,  5  iuchea  blgb,  and  bold  the  curd  of  7}  to  8  gallons  et  milk.  Before  the 
ttorm  is  filled  a  cheese  cloth  Is  placed  In  It  which  helps  In  turolng  the  curd.  The 
curd  remains  In  the  form  24  hours  to  drain  and  Is  then  cut  Into  measured  slaes 
and  placed  to  another  form,  where  It  is  allowed  to  remain  for  8  days,  the  curd 
being  turned  and  the  board  on  which  the  form  reats  being  changed  daily.  Salt 
la  thai  sprinkled  on  the  cbaeae  and  for  I  moath  It  la  washed  In  salt  water  and 
rubbed  with  the  banda  every  day.  It  Is  ready  for  market  tu  8  weeks  from  the 
time  of  making. 

.  ZIOER 

This  Is  a  cheese  made  from  the  whey  obtained  in  the  manufacture  of  other 
cheese.  It  consists  principally  of  albumin,  but  where  no  elTort  Is  made  to  squ- 
rnte  the  fat  from  the  whey  the  product  may  contain  a  relatively  high  proportion 
of  fat.  It  Is  a  cheap  food  product  made  in  all  the  countries  of  central  Bnrope. 
Among  the  many  names  applied  to  It  are  Albtmilu  cheese,  Kecnlt,  Elcotta, 
Broocio,  Brocotte,  Serac,  and  Oeracee. 

In  the  mannfiicture  of  this  product  an  effort  is  sometimes  made  to  remove  the 
fat  remaining  in  the  whey,  but  In  moat  caeee  the  fat  U  allowed  to  remalo. 
Where  It  la  desired  to  skim  the  whey  a  nuall  portion  of  very  sour  whey,  pre- 
viously prepared,  la  added  to  the  Bweet  whey  nnd  the  whole  is  heated  to  160°  to 
175°  F.  for  a  few  minutes,  when  the  fat  collects  on  the  surface  and  can  be 
akimmed  off.  Fidlowing  this  a  greater  portion  of  sour  whey  is  added  and  the 
wh«7  is  then  heated  nearly  to  the  bolllsg  point,  when  the  albumin  is  precipitated 
In  a  flocculent  condition  and  rises  to  tlie  surface  of  the  irttey.  When  the  wbey 
Is  not  in  normal  condition  the  albumin  may  be  precipitated  In  a  powdery  mass. 
This  Is  ottea  prevented  by  adding  3  to  6  per  cent  of  bnttermilk  to  the  wbej 
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before  the  last  heating.  Th«  caaela  of  the  bnttermllk  Is  precipitated,  the 
albnnilii  being  carried  wltb  It.  It  Is  considered  that  this  addition  of  casein 
Injures  the  product.  The  albamln  when  skimmed  from  the  whey  Is  salted  and 
packed  In  a  vessel  and  may  be  covered  with  whey. 

A  so-called  formed  Zlger  cheese  is  made  by  molding  the  half-dried  albumin 
Into  squares  which  may  be  still  further  dried.  Some  of  these  have  local  names, 
snch  as  the  Hudelxtger  made  In  the  Canton  of  Olarus,  Switzerland. 

In  A'orarlberg  the  albumin  is  skimmed  from  the  whey,  allowed  to  cool,  placed 
In  cheese  cloth,  and  subjected  to  Increasing  pressure  in  an  Emmental  cheese 
press.  After  24  hours  the  cheese  Is  put  Into  a  salt  bath  to  which  sweet  cider 
and  vinc^r  are  sometimes  added. 

A  mixture  of  Zlger  and  cream  prepared  In  the  Savoy  Is  known  as  Gruau  de 
Montagne.  An  albnmln  cheese  made  from  the  wbey  of  goat's-mllk  cheese  In  the 
Canton  of  OraubUndai,  Switzerland,  Is  known  as  Masnarponi. 
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Bulletin  47,  Noy.,  1892. 
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W.       ExperlmentB  In  tbe  manufacture  of  ch«cee.    Ibid..  Bulletin  H,  tSaj ;  BdI- 
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1898;  BulIeUn  65,  Jan.,  1894. 

80.  VlBTl.-,  P. 

Mlttellnngen  bub  dem  Laboratorlnm  d^  Ayleeboir  Dairy  CtHnpany  tn 
Iiondon.  Milch  Zeltung,  Jahrg.  10,  No.  7,  p.  120-121.  Bremen.  F^. 
16,  1887. 

81.  Ulttellungen  bub  dem  Laboratorinm  dw  Ayled)ary  Dali7  Company  1b 

London.    Milch  Zeltnng,  Jahrg.  21,  No.  12,  p.  191-102.    Bremen,  Manh 
19,  1892. 

82.  Berlcht  Uber  die  TbHtlgkeit  dee  mllcbwlrtechafUlchen  Instltnts  In  Ha- 

mdD  Im  Jabte  1807.    HannoTer,  1898.    See  p.  33. 

83.  ToELCxnra,  ArocsTcs. 

On  tbe  compoBltioa  ot  cheeae  and  on  practical  mistakes  In  cheese  tnafcing 
Journal  Royal  Agrtcultnral  Society,  vol.  22.  p.  29-69.    London,  ISOl. 

84.  Cbeese  experiments.    Ibid.,  rol.  23,  p.  170-191.    London,  1862. 

85.  On  a  peculiar  kind  of  SwedlBh  wh^  cbeeae,  and  on  a  Norwegian  goats'- 

milk  cheesa    Ibid.,  ser.  2,  vol.  6,  p.  333-336.    London,  1870. 

86.  Amerikanisctaer  K&se  bus  magerer  Mllcb  tnit  Zusatz  von  Scbmala  Oder 

Oleonargarin.    Mllcb  Zeitung,  Jahrg,  11,  No.  28,  p.  438-430.    Bremen, 
Jnly  12,  1882. 
$7-  Wauacb,  Heitbt  C 

Investl^tioiiB  In  cheese  making.  Iowa  Agrlcultnral  Bxperlment  StatKn, 
BnUetlQ  21,  p.  735-767.    Ames,  1SS3.    See  p.  756. 

88.  Wkeub,  J.  B, 
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89.  Wksbubkioui,  Fa&DEBiK  H. 
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92.  EuA,  A^ 

Eajmak.     Cbnnlker  Zeltung.  Jahrg.  21,  No.  6,  p.  41.    COtbeo.  Jan.  30, 
1807. 
88.  ZnoA,  A.,  and  Bajio,  M. 

KatsclikawalJ.    Cbemlker  ZeituDg,  Jabrg.  10,  No.  86,  p.  1920.    CStboi, 
Oct.  23,  1806. 
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Uucta  2,  1898. 
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AlgKu    8tt  UmbuTg. 

Ufta  Emmaita].    Stt  EmmaitaL 

Alfdm  DncilpUoii,  7. 

Altcobnig:  DaeripttoD,  7. 

AltEDbkb*.   BuBtaa. 

AltMbl.   0uBrlDMD. 

Ambcrt:  I>ncTlptlon.  7. 

AnckD  ImptriBl:  DncripUaii,  7. 

Adcom.    8m  Pgonrlao. 

AppfouO:  Daaolptkni,  7. 

Ankntoi.    SuTravoA. 

Advbxim  (or  Anvcrgne  Bleu).   AmCbdMI. 

BacksUdn  (m<  aim  Limburg):  DnodpttDD,  B: 
anoljib,  ta. 

BaDtnn;:  DMcrlptloii,  8. 

Baibenr:  Dcoialptlou,  S. 

BatUenut:  Dartiptlon,  8:  aiulftb,  81. 

Baadoi:  Dcacrlpdon,  8. 

Belgian  Cooked;  DHrlptlon,  8. 

Bsllela;:  DcacrlpUoa.  S;  analfik,  ta. 

Bcllume.    5uEium«ntaL 

Bergqnara:  Deacriptton,  B. 

BerguM,    8ti  Leaden. 

BerlEiKr  Sahklu.    fiu  Ilaad. 

Bleu  ittt  aJM  Qtz;  Batnage;  Scptmonoal):  De- 
scription, e, 

BlueDonet.   SwDraaet. 

BoDdDQ  (m  olH  Nniktattal):  Anaijda,  «i. 

Uoadaoue:  Donlptfan, «. 

BouMU.    SaUtTolOm. 

Box  (flim):  Dcacrlption,  B. 

Box  (soft):  DtKijptfon,  10. 

Bra:  DaOiptlDD,  10. 

Bmnd:  Dsertptkin,  10. 

Bric^:  Description,  10;  aoaljels,  01. 

Brickbat:  Dndiptjon,  II. 

Brie:  Dcacrlptton,  11;  aoalyilB,  02. 

Brlrwen:  DncipUoD,  12;  aoaljaia,  SI. 

BrloJ.    Ste  Llmbnrg. 

BrlieooD.    flic  Beblocboo. 

Brocclo  (tUBbo  ZIger):  OocriptlaD.  U. 

Brocotts.    Sie  Zlga. 

Burgand;:  DocrlpUoD,  11;  aoalfA,  01. 

Buttcmillk:  DeKrlpOoii,  11. 

Cada.   Bet  Panuaau. 

Cada  PeccfftDD  RomaDO.   Sit  Peeorlna. 

Cacta  BomBDO.   Btt  Cblrarl. 

CaciocaTello:  DescrlpUon,  12;  analyili,  02. 

CaeipbtOy:  DeaolptlDn.  13;  analygb,  02. 

Cambridge:  DncilpUoD,  13;  anatjBb,  S2. 

Camembot;  D«BCilpUon.  13;  aiisi;sla,  62. 

CiinooilWte.   Stt  Fiomace  Fort. 


Cangnfflole   (hi  obo    Fnnnafa   Fort):    DMClQb 

tlonlt. 
Cholal:  IXnrtptloD,  14:  aittljab,  01. 


CarrAAfflni.    So  Aoebo  Implrtal. 
CaaMlQ  BnuMo.   Am  Sena  da  Sali«Us. 
Ceraoee.   SaZlga'. 


DeacTlpllan,  14 


Cbeddar  DcaolpUoii  15;  aDalfib.  OS. 
Cbahira:  Dcacrlptkni.  IS;  analTtb,  01. 
ChabIr»filUlon:  DagcripUoD,  17. 
Ctmrat.    0«  Osat'a  llUk. 
CtmrnttD.    A«  Ooat'i  UIUe. 
Cblvarl:  DoctlpttoD.  17. 
CIMnibcrt.   Sm  Alpln. 
Club.    AaFottad. 


DocTipthm,  17. 
CompKgne.   Stt  Ctunembert. 
Contoitli].    Sa  CBmanbert. 
Cooked:  DeacrlpUon,  17. 
CalhealODa:  Deacrlptlon,  17;  aoaljal 
CoIniDc.    Stt  Peeorlno. 
Cottage:  DeKrlpUoD.  17. 
Coolomiiilaa:  DcBCrlptloa.  18;  analfi 
Cream:  DeecrlptlOQ,  18;  oaalyita,  M. 
Cream,  Fieucb  Deml-ael:  Aiial;Bls,  0 
Cnacaont:  Anslyaia,  04. 


Clirtallnna:  Dai:TfptiMi,  18. 

Daisies.   Sm  Cbeddar. 

Damco:  Dcecripdon.  IS. 

Daobh  Export:  Deicrlptlaa,  IS;  ana1;eli,  t 

Danpbln,   iSm  UaroUles. 

Dem.   SitLejitD. 

Deml«el.   Stt  Cream. 

Dnbyghln:  DcacrlpUon,  ID;  biuItbIi,  U. 

Domestic  Swiss.   8m  Emmeatal. 

Dorset:  Desaipllon,  IB;  aualrih,  64. 

Dotta:  Descrlptloa.  20. 

DresdeDO- BlerkeAe.   fiuHand. 

Dry:  Deaerlptjon.  20. 

Duel:  Deacrlptloii,  20. 

Donlop:  Description,  20;  analfals,  04. 

Dutch.   8u  Cottage. 

Edam:  Deacrtptlon,  20;  analrals.  04. 

Elblng:  Deacrlptlon,  21. 

Enmieotal:  Description,  21;  aaaly■1^0t. 

Emmecsdorl.    SMLlmburg. 

Engadlne:  Descrlptloa,  23;  aaalyala,  64. 

English  Dalrr:  Dcacdpllon.  13. 

&poiasr.  DescripUoD.  J3. 
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Krry  ((M  *im  Trajnl): 


Pctine.   See  Firm. 
FlUad:  Dncrlpdmi,  23. 
FbU.    AHCtatddtr. 
Dcirlptloo.  2 

.   8f  PnmMgv  Fort, 


Formwile  dl  Ckpra.    ffM  Ooit'i  ICtlk. 
"  1;  D««tilptliin,  M, 
nl  dl  Lmco:  Analjiii,  M. 

la  Dolce.   Bit  Emmmtkl. 
la  Dun.   Sm  Nostnl*. 


FtODUge  b  Is  Crtme.    Ah  Cnun. 


Framage  Doable  Crtmg.   8«  Cnun. 

FnoDige  ds  Bolte.    Ba  Box  (soft). 
Prmutge  de  Bwirgagne.   Bu  Burgondjr. 
Fnmuge  da  Poln.   Sa  H*y. 
Framage  da  Tnyai.   5«  Barbara;, 
nomage  Fort:  DeacrlpUm,  3i. 
Fnaiwge  Uou.   8ti  Uaqu^. 
Fnmage  FanilU.   S<(0«iiBl«i. 
OabUill.   SuOoat'aUUk. 
Oammalost:  DeactEptJOD,  34;  analTili,  M 
Oaatnli;  Daactiptlou,  34. 
OiiVot:  Daicilptlcni,  24. 
Oehalmnith:  DaacripUon,  3S. 
OtfroindftualMlfDiiater);  Dfocrlptlcin. 3S. 
OeTvala  <•«  oJm  Cnwn):  Docrlptlon,  3t;  ai 

ili,H. 
0«i:  DeacrlpUoo,  2S;  analTSb,  AS, 
Glalav;  DracilplJoD,  M;  inalrrii,  es. 
OlanmUn.    Bit  Sap  Sago. 
Ololn  dM  Ucatagnas.    5»DaiB«ti. 


OknoMter  (M«  otn  Derbyahlra):  Ajulrila,  05. 
OoBt'a  Ullk;  DaKitpUon,  28;  aoalysli,  65. 
OofgooiolK  Dcacrlption,  36;  analyili,  W. 
Oooda:  Dtactlptlon,  Z7i  analTsli,  S6. 
OoonwT:  Descrlplion,  27. 
Oojv  DcscrtpUan,  27. 
Qrana.   8«  rarmosa. 
aramitU'Ciu'd:  Dsacrlptlon,  38. 
Oratslnin.    Sie  Qoat's  UUlt. 
Oiay:  Description,  2S. 
Qrottenhof.    Sir  Llmbarg. 
Olnau  da  Uontagae.    AHZIgar. 
Onmerfcbe.    fiHSapBuio. 
Oiajhn:  DearlpUon,  X;  analfata,  OEl 
Oulola.    Ba  Logulole. 


Iluid:  Deacriptlon,  38. 
HarUE&n.  SaBaaam. 
Han:  DcacrlptlOQ,  2>;  u 


HerT«(«w 

Bobbv.  Btt  Lajdai. 
HoluDbiiig.  814  Boi  (ftrm). 
HobanhiebD:  Dnotlptlan,  n. 
HolHsln  Dilrj' Chaaia.    5«  LaMbs. 


Hop:  DeacilptlaD,  30. 


ha:  Dacrtptlan,3IKaoalTA,<». 


blgnjr:  Dcacriptkni.  30. 
lick;  Dcocilptlai,  31. 
Jachberg:  Daictlptlai,  31. 


Kajmak:  DocriptloD,  31 ;  uialjsli,  eS. 

Kascaval:  DacripUon,  31;  ualTsla.  SEl 

KatKhkamli:  Dacrlptlaii,81iaiiBl7ili,  ( 

Katimkapf.    5a  Edam. 

fOigbcbkaM.    SaEiMtt. 

KJangaard;  D«acilptlDD,  11. 

KloaUr;  DeacttpUan,  33. 

Ktgnci.   Btt  Brloaen. 

Enaost.    5m  PnlMat. 

E(»](Aaaia.    Sa  Lejrdan. 

Kolos-UODixtar:  Deacriptkn,  33. 

Eomynds.    Bet  Ijeydan. 

Koppen:  D«sciIptloii,  3S. 

KashBn  Dcvriptioa,  33. 

Koiba  Oooda:  DncriptJcm,  33. 

KAuUricIae.    Ba  Bap  Bago. 

Xnilt;  Donlptlan,  33;  aoBlTBla,  M. 

Kuhbach:  Deacriptlon,  32. 

logulole:  D«aci1ptIoa,  33;  a&alyib,  ee. 

Lamothe.    5<t  Ooafs  llUk. 

Lanaik.    Ba  Llmbni^. 

I.aaciistilra;  DeacripUoa,  33, 

Landoch.   Su  Brtnsea. 

I^ngm:  DoKriptlon,  33. 

Lapland:  Dcaczlptlon,  33. 

LaiTOD.    Ba  ICuoUleB. 

LatUclnl:  DeecripUai,  33. 

Lcatber:  Dociiplkm,  33. 

Leder.    5h  Leather. 

Leicnter  ( 

anslysia,  W. 
Leonon.   8«  Fnmrino. 
Leyden:  Deacription,  34;  analjito,  OS. 

Llmbuii::  DcacripUwi,  34;  analrab,  Gft. 
Llptau  (t«  al40  Brinsen):  SesoripUon,  3S. 
LlTSiot;  Description,  3S;  aualyslj,  BO. 
Uvlandsr.    BaUtad. 
Long  Horn.    Bu  Cheddar. 
LorralQe:  DeacriptloD,  35. 
LQDebcTg;  Dea^riptlon,  3fi- 
UacoDiula:  DcarriptJon.  30. 
ICacqiKUue:  Description,  30. 
Walgre.    8a  Fann. 
Ba- 
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Ifaliu  Hand:  DsKrlptloo,  M;  tutlydi,  M. 
llalakoirCfwsboNMilcliUal):  DMCilpUoo,  3S. 


lOqnte:  DeacripUoD,  38. 
Marianbof.   Am  Ltmburg. 
Uaikbdi  Hand:  Dwalptlaii,  38. 
UantUtK  Dcecriptlon,  37:  analyili,  M. 


Uucanwnl.   Bn  ZIgtr. 
IhoUenbcrE  Sttni:  Docdptkui,  17. 
UlgDOt:  DeaoriptloD,  37. 


MnraTim     Sa  Box  (flnu). 
Uonk'iHead.    8«BsIlela7. 
MoDtailo:  DcacilptlaD,  37. 
MontavooD:  Dnolptkni,  3S. 
MimtC«Dls:  I>acr[pUaa,  33. 
Montd'Or.  Diacriplioii,  W  aiiBl|ik,as. 
Uontunr.    8u  Jack. 
MonUiU^:  DtaeriptlQii,  3S. 
Itola:  8b  Llmbiirg. 
Hon.    SMFaim. 
UoBiiiwUl:  DoorlpUon,  IB. 
IfDnsttt;  DocripdoD,  3a;  analfHa, «(. 
KjnH:  Dtacriptlan,  3»:  BialiTdi,  U. 
Kima:  DacrlpUou, «. 


NDgdut:  AnalyHi,  (8. 


Oka.    BitTnpplA. 

OUmailo.    8a  Cnam. 

Olive  Cnam.    Bt*  Cnam. 

OllTst:  DtacrtpthiD,  41;  analyili,  M. 

OlmOtia  SkAbB.    fiaHand. 

OhnnUcr    Qnsgil    (OlmOLi): 

■ualyali,  8S. 
PigUs:  DocripUan,  U.. 
Pago:  Docilptlan,  O. 
Panaddaa.   8m  Cooksd. 
Pannaaan:  DwcrtpUon,  tt,  ana 
FftUBIea.   SMBlm. 


Peootlito:  Description,  C;  aaalyata,  M. 

Pecorlnc  D(ri(».    Bf  Peoorliu. 

Peaerino  Taacam,    Btt  Pacorino. 

PiUtCarrA.    5a  Aaden  Impfrlal;  NniteUM. 

Petit  Suisae  (lu  aim  Nautcbltel):  Analydg,  SI. 

Plmsuto.    SaNauldilld, 

Pepper  Cream.   Ba  Nsuldilllel. 

Pfliler:  Daoiptton,  f3. 

PhUad^bla  Cnun;  Deacriptlon,  43. 

Pimp.    8a  Malm  nand. 

Pineapple:  Dmerlptkm,  43;  analrsla,  M. 

PoiUeni.    Ste  Goat's  Hlllc 

Pout  rftveque:  Dcecrlptlon,  44;  anal;rii,W. 

Port  du  Balut:  EXscilptlaii,  44;  asalfidi,  88. 

PotBlo:  D«aciIption.  4£, 

Patted:  Dncrlptlmi,  4S;  Bnalfgis,  ST. 

Piattlgau:  DesaiptloD,  45. 

Pnetosi:  DeacrlpUon,  4S. 

Prinwst.    8«  Myuat. 

PnnUence:  DeacrlpUon,  4E. 


Provole:  Dfacripttei,  U. 
ProTolOQl.    8a  Provola. 
Poflla.    Bu  Paoorino. 
Pullost:  Dmilptlon. «. 


QoarUrDla.    8m  Stncchlno. 

Qoeao  de  Cincho:  Deuiiptfaui,  «. 

Qoceo  de  Hoja:  Deacrtptloa,  48. 

Qacoo  da  Mano:  Dncrlptlon,  48. 

4aaodePalmaMetlda.    j9<f  Quaao  da  Oti 

Qocaode  Prann:  Deaoiptioii,  48. 

Qoeaode  Puuo;  Dncrlptlon,  47. 

QneTraa.    Stt  CbampoMon. 

Bsbacal:  Dnaiptlon,  47;  audjata,  S7. 

Raden:  DeeoiptloD,  47. 

RangfpoTt:  Dnolptlaa,  47. 

Rspar.   8uRa7an. 

HaaiAara.    SaNoatiale. 

Raron:  Daaoription,  47. 

RebbMa:  Dcacriptk>ii,  47;  aialT*,  8T. 

RebloctMiD:  Dasciiptiaii,  47;  aaalyldi,  ST. 

Bacult.    8«ZIg(T. 


Ralndaer  Hllk:  Dasslptlon,  48;  uttlri 
RamotidiHl.   Am  Homadour. 
lUrabiwald,   fiMSchamaar. 
Rlwrtt*  (*M  •!»  Zigs):  AnaljaK,  07. 
niaaeugablna:  Deacriptko,  41. 
Rbnan:  DaiBlptloD,  48. 
RabMa.   8Mlt«bblola. 


8:  aoalyala,  tt. 


Rogoelint:  Deacriptkm,  ^ 

Saaland  FhiT.    Am  Pntoit. 

Saaikan:  Denlptlan,  M. 

eace:  DaacclptfoD,  so. 

Saint  Benolt:  Deaorlptlan,  30. 

Saint  Clauds:  Dcacclptloii,  GD. 

Saint  HarodUn:  Deacdptlaa,  DO. 

SatatlUdiela.   8MLliDbiug. 

BalntRem;:  Deaoriptlon,  so. 

Sakila:  Deacription,  SO;  anatyilB,  87. 

BaDdwMtNttt.   5wCnam. 

Sqi  Bago:  EXacriptlon,  fiO;  analyili,  87. 

Saoenage  (la  ajn  Oex}:  Dwrlptbn,  SI. 

Sati.   8m  Hand. 

Savoy:  Analyiii,  07. 


Bcanuona:  Daacriptloa,  Gl. 
Sdiabilega:  Bu  Sap  Sago. 
SAaclilelklae.   8m  Boi  (wit), 
Dwcifptloii,  SI. 


Sehlotoctier  Welchquaig.   AaBllealan. 
Sdilan:  Dnolptlon,  S2. 
Bobottangiied:  Deocriplkm,  SZ. 
ScbQtien.    Sw  lambuig. 
SchwMianberg:  Description,  62. 
Scbwaltiar.    8«SwIe3. 
S^Decterre:  Deeerlptlon,  fi2. 
SeptOKmcel  (KC  rt/K  OeiJ:  Description. 

S&BC.'   8a  Ziger. 


tyGooj^lc 


BcmdaBatidb:  Dooiptloii,  51;  uttlfili,  S7. 


SQttiui:  DcaixlptkiD,  SI. 
SInK  Dtacription,  £1. 
SUpOOta:  DcaorlptloD.St. 

BOTt*  UiKcnga.   SaFvmnK 
Bortt  VBinaig&.    A«  Funua 


Spalen:  DeKTJption,  SI;  aoalyili,  S7. 

SprnkiaB.    $«  Drj. 

Spiti:  Deanlptlon,  M. 

Bqinm.   S«  Cbeddn. 

6(epp«B;  Deacrtptlon,  $4 

BtllMn:  DescrlpUim,  H;  nialrita,BT. 

Btimd  Curd.    Sa  Cleddu. 


Btracchloa  dl  Oontoniolt.    8b 


Sl7Ii&:  Deflcijptloa,  U. 
Siraet  Cuid  (•«<  oIm  Clieddir): 
Bwbs;  Dncrlpllon,  Si;  mmlja 
TaO:  Dncriptlon,  U. 
TunM;  Dea^Uoo,  61. 
Tansenbais.   An  Llmbmi. 
Temptle.    Bel  Canqnlllote. 
TMsel:  AmJyali,  07. 
T«ce  de  Uum.   Bte  Edun. 


TburlDgla.    S«  Hud. 
Tbury-ect-VaJats.   Stt 
TlgUBTd;  DeacrlpUon,  H. 
TUilI:  DdDTlptkn,  U. 


Tome  da  BtamiKait.    Ba  TunM. 
Tome  da  HooUbds.    Btt  Vieheiin. 
TaplBi((HalnCoohn]);  Asalj^.tS. 
Toppai:  DMjlptlm,  EH. 
Tnpplit:  Docrfptloo,  IS;  malrsls, «.' 
TnTnDc  DcocrlFthm,  S7. 


Urt: 

Vtcberin:  I>CKr4)tlaD,  fiS;  analrili,  m. 
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LETTER  OF  TRANSMITTAL. 


U.  S,  Department  of  Agbioulture, 

Bureau  op  Animal  Industht, 

Washington,  D.  C,  January  SO,  1912. 
Snt:  I  have  the  honor  to  transmit,  and  to  recommend  for  publico 
tioQ  as  a  bulletin  of  thb  bureau,  a  manuscript  entitled  "  Fattening 
Calves  in  Alabama,"  by  Prof.  Dan  T.  Gray,  of  the  Alabama  Agricul- 
tural Experiment  Station,  and  Mr.  W.  F.  Ward,  of  the  Animal  Hus- 
bandry Division  of  this  bureau. 

The  paper  ^ves  the  details  of  three  experiments  in  fattening  calves 
in  Alabama,  two  lots  being  fed  during  the  winter  on  separate  farms 
with  various  southern  feeds,  and  the  third  lot  carried  through  the 
winter  and  subsequently  fattened  while  on  pasture.  These  experi- 
ments form  a  part  of  the  investigations  in  beef  production  which  are 
being  carried  on  by  cooperation  between  the  Alabama  Experiment 
Station  and  this  bureau,  the  work  on  the  part  of  the  bureau  being 
under  the  direction  of  Mr.  Geoi^  M.  Rommel,  chief  of  the  Animal 
Husbandry  Division. 

Respectfully,  A.  D.  Mblvin, 

Chief  of  Bureau. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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FATTENING  CALVES  IN  ALABAMA. 


INTRODUCTION. 

The  beef-cattle  business  can  be,  and  usually  is,  divided  into  two 
parts — breediog  and  fattening.  As  a  rule,  the  man  who  raises  the 
calf  does  not  finish  it  on  his  own  farm  for  the  market ;  he  usually  sells 
it  to  a  neighboring  farmer  who  makes  a  business  of  fattening  and  pre- 
paring the  calf  or  steer  for  the  market.  Thus  the  feeder  oftentimes 
has  no  interest  at  all  in  raising  the  calves.  Probably  the  ideal  con- 
dition, at  least  for  Alabama  and  adjacent  States,  is  for  the  calf  to  be 
raised  and  finished  on  the  same  farm.  But  this  ideal  condition  can 
seldom  be  realized  because  the  man  who  raises  the  calf  has,  as  a  rule, 
only  a  few  cows  and  can  seldom  afford  to  take  the  time  and  trouble 
to  fatten  the  few  calves  which  these  cows  bring  each  year.  Even  if 
the  small  farmer  were  to  fatten  these  few  calves  each  year  he  could 
seldom  afford  to  ship  them  to  the  larger  markets,  so  he  is  at  the  mercy 
of  the  local  buyers.  As  a  result  of  this  condition  of  affairs  the  pro- 
fessional feeder  has  developed.  His  business  is  to  collect  calves  and 
steers  into  carload  lots  and  prepare  them  for  the  open  market. 

The  farmer  who  has  as  many  as  30  breeding  cows  on  his  farm  should 
make  it  a  rule  to  fatten  their  offspring  himself;  he  can  seldom  afford 
to  sell  the  calves  to  the  professional  feeder.  The  feeder  usually 
makes  money  on  Uie  process  of  fattening,  and  the  man  who  raises 
calves  in  sufficient  numbers  should  keep  this  extra  profit  at  home. 
Furthermore,  the  farmer  who  has  from  8  to  12  calves  or  steers  ready 
for  the  feed  lot  will  usually  find  it  profitable  to  buy  a  sufficient  numb^* 
of  feeders  to  complete  the  load,  and  he  can  then  finish  all  of  them  on 
his  own  farm. 

There  are  many  ways  of  disftosing  of  beef  calves  or  cattle,  and  the 
fanner  should  be  watchful  and  avoid  methods  by  which  money  might 
be  lost.  It  is  possible  to  raise  beef  cattle  properly  and  by  selling  them 
improperly  to  lose  money  on  the  business,  in  just  the  same  way  that 
it  is  possible  to  raise  good  apples,  potatoes,  and  peaches  and  lose 
money  on  them  when  the  marketing  part  of  the  business  is  not  studied 
and  given  proper  attention.  When  beef  cattle  are  bred,  fed,  and 
marketed  in  a  scientific  and  businesslike  manner,  satisfactory  profits 
should  be  realized.  This  is  proved  by  the  experience  of  good  cattle- 
men, and  by  the  cooperative  experimental  work  between  the  Bureau 
of  Animal  Industry  and  the  Alabama  Experiment  Station. 
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8  FATTENING   CALVES  IN  ALABAMA. 

PLAN  OP  THE  WORK. 

The  fanner  who  raises  calves  is  often  at  a  loss  to  know  at  what  age 
they  should  be  disposed  of.  The  spring  calf  may  he  sold  the  suhse- 
quent  fall;  it  may  be  fattened  during  the  winter  months  and  sold  as 
a  fat  yearling  caK;  it  may  be  kept  on  the  farm  until  it  is  from  2  to  4 
years  of  age  and  then  sold  to  a  professional  feeder;  or,  the  mature 
steer  may  be  fattened  on  the  farm  where  it  was  raised  instead  of  being 
sold  to  a  feeder.  On  account  of  these  various  methods  which  it  is 
possible  to  adopt  for  disposing  of  beef  animals,  the  owner  is  often  in 
doubt  as  to  the  most  profitable  manner  of  handling  and  disposing  of 
his  crop  of  calves. 

This  bureau,  working  in  cooperation  with  the  Alabama  Experiment 
Station,  has  done  several  years'  experimental  work  in  fatt^ing  ma- 
ture steers  for  the  market.'  The  steers  used  in  these  experiments 
were  not  raised  on  the  farm  where  they  were  fattened;  they  were 
purchased  from  small  farmers  who  sold  them  for  from  2^  to  3}  cents 
a  ponnd,  the  price  paid  depending  upon  the  quahty,  age,  size,  and 
condition  of  the  animals.  Excellent  profits  were  reaUzed  on  all  of 
these  cattle  with  the  exception  of  one  lot,  but  it  is  probable  that  some 
of  the  farmeis  who  raised  the  steers  lost  money  on  their  part  of  the 
transaction,  as  cattle  can  not  be  raised  and  sold  at  a  profit  for  2{ 
cents  a  pound. 

Since  the  publication  of  the  results  of  the  work  above  mentioned, 
many  farmers  in  the  South  have  raised  the  question, "  Why  not  fatten 
the  animals  while  they  ere  youngt"  In  the  past  the  farmers  and 
planters  insisted  on  keeping  die  offspring  of  their  beef  cows  until  they 
were  from  3  to  4  years  old,  but  many  inquiries  are  now  made  as  to  the 
advisabihty  of  fattening  the  calves  so  as  to  dispose  of  them  by  the 
time  they  are  a  year  old. 

Two  or  three  points  can  be  urged  in  favor  of  this  system.  First, 
more  breeding  animals  can  be  kept  upon  a  fenn  when  the  offspimg. 
are  disposed  of  at  an  early  age,  than  when  they  are  held  and  sold  as 
steers.  Second,  the  younger  the  animal,  the  cheaper  each  pound  of 
beef  is  made.  Third,  the  money  invested  is  turned  more  rapidly 
when  the  calves  are  sold  at  a  young  age. 

In  order  that  they  might  be  in  a  position  to  assist  in  answering  such 
inquiries,  authorities  of  the  Bureau  of  Animal  Industry  and  the  Ala- 
bama Experiment  Station  undertook  three  experiments  in  fattening 
calves,  which  are  hereafter  described.  The  details  in  this  bulletin  are 
accordingly  divided  into  three  parts.  In  Fart  I  the  calves  were  fatr 
tened,  during  their  first  winter,  on  cottonseed  meal  and  huUs,  com- 
and-cob  meal,  and  alfalfa  hay;  in  Part  II  similar  winter  fattening 
was  carried  on  with  cottonseed  meal  and  hulls  and  peavine  hay,  and 
in  Part  III  the  calves  were  fed  in  the  winter  and  fattened  during  the 
following  pasture  season. 
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I.  WINTER  FATTENING  OF  CALVES  ON  COTTONSEED 
MEAL  AND  HULLS,  CORN-AND-COB  MEAL,  AND 
ALFALFA  HAT. 

The  main  object  in  domg  this  calf-feeding  work  waa  to  determine 
whether  the  farmer  can  afford  to  raise  a  good  grade  of  calves  and 
finish  them  for  the  market  while  they  are  yet  loss  than  a  year  old. 
Secondary  considerations  were,  of  coursej  involved  as  well. 

In  this  part  of  the  test  the  calves  were  divided  into  three  lots,  so 
that  a  comparison  of  certain  feeds  could  be  made.  The  foUowing 
problems  were  studied : 

1.  To  learn  whether  a  farmer  can  profitably  raise  and  fatten  calves 
and  finish  them  for  the  market  by  the  time  they  are  a  year  old. 

2.  To  make  comparisons  of  southern  feeds  and  combinations  of 
feeds  which  can  be  used  for  fattening  calves  during  the  winter  months. 

Owing  to  the  fact  that  a  high  grade  of  calves  can  not  be  obtained 
near  the  Experiment  Station  at  Auburn,  Ala.,  the  work  was  carried 
on  upon  the  farm  of  Messrs.  Cobb  and  McMillan,  of  Sumterville,  Ala., 
with  whom  the  bureau  and  the  station  have  been  in  cooperation  for  a 
number  of  years.  Messrs.  Cobb  and  McMillan  furnished  the  calves 
and  the  feed,  and  the  bureau  and  the  Experiment  Station  provided  a 
trained  man  to  live  on  the  farm  and  have  personal  supervision  of  the 
experimental  work.  Mr.  H.  J.  Chatterton  was  stationed  upon  the 
farm  and  supervised  the  work. 

KIND  OF  CALVES  nSES. 

The  calves  used  in  this  work  were  high-grade  animals.  The  farmer 
who  raises  beef  cattle  can  not  afford  to  raise  scrubs,  especially  the 
man  who  expects  to  finish  them  for  the  market  while  they  are  young. 
It  would  have  been  absolutely  impossible  to  have  made  a  profit  on 
these  calves  if  they  had  been  scrubs  instead  of  high-grade  beef  calves. 
High-priced  feeds  can  seldom  be  fed  profitably  to  low-priced  cattle. 
It  may  be  possible  for  a  professional  feeder  to  make  a  profit  on  scrubs 
even  when  high-priced  feeds  are  used,  but  when  such  is  the  case  it 
means  that  the  feeder  made  the  profit  at  the  expense  of  the  man  who 
raised  the  scrubs.  In  other  words,  it  means  that  the  feeder  did  not  pay 
the  producer  as  much  for  the  scrubs  as  it  actually  cost  to  raise  them. 

The  majority  of  the  calves  were  raised  on  the  farm  of  Cobb  and 
McMillan,  near  Sumterville,  Ala.,  where  the  feeding  was  done.  Some 
of  them  were  purchased  from  neighboring  farmers  in  Sumter  and 
adjoining  counties.  The  calves  were  all  well-bred  animals,  although 
not  purebred.     They  were  grade  Shorthorns,  Aberdeen-Angus,  Here- 
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fords,  and  Red  Polls,  the  majority  being  from  one-half  to  seven- 
eighths  pure.  AU  had  been  bom  the  preceding  spnng,  so  they  were 
from  6  to  8  months  of  age  when  the  fattening  experiment  began. 
During  the  summer  they  had  run  with  their  mothers  on  good  pasture, 
and  during  this  time  they  demanded  practically  no  attention  from 
the  owner,  except  to  see  that  they  were  salted  and  dipped.  Botii 
the  mothers  and  the  calves  were  dipped  regularly  all  through  the 
smumer  months  to  reduce  the  number  of  ticks.  Veiy  few  ticks 
appeared  on  the  cattle  during  the  summer  time. 

On  November  17,  1910,  when  the  preliminary  feeding  began,  the 
calves  averaged  338  pounds  in  weight 

GBHERAL  PLUS  OF  THE  WORK. 

When  fall  arrived  and  the  pastures  were  exhausted  the  calves  were 
taken  from  their  mothers  and  placed  in  this  winter  work.  They  were 
in  excellent  condition  at  this  time.  The  original  intention  had  been 
to  b^iin  the  winter  feeding  early  in  the  fall,  to  avoid  losing  any  part 
of  the  calf  fat,  but  on  account  of  an  unavoidable  delay  the  feeding 
was  not  begun  until  the  above-mentioned  date,  so  no  doubt  the  calvee 
lost,  a  few  pounds  in  weight  after  the  pastures  became  short. 

On  November  17,  1910,  the  calves  were  tagged,  dehorned,  and 
divided  into  three  lots.  Each  lot  was  fed  until  March  17.  1911,  on 
the  following  feeds : 

Lot  1.  Cottonseed  meal,  cottonseed  hulls,  mixed  alfalfa  hay.  Lot 
2.  Cottonseed  meal,  two-thirds;  com-and-cob  meal,  one-third;  cot^ 
tonseed  hulls ;  mixed  alfalfa  hay.  Lot  3.  Cottonseed  meal,  one-third; 
com-and-cob  meal,  two-thirds;  cottonseed  hulls;  mixed  alfalfa  hay. 

SHELTER  AND  LOTS. 

The  calves  were  young,  so  each  lot  was  provided  with  belter 
sufficiently  good  to  turn  the  cold  rains  and  break  the  cold  north 
winds.  If  they  had  been  mature  steers  the  shelter  would  not  have 
been  necessary,  but  calves  will  not  do  well,  even  this  far  south,  with- 
out some  protection  from  the  cold  winds  and  rains  of  the  winter 
months.  Each  lot  was  confined  in  a  one-half  acre  paddock.  While 
the  lots  were  not  paved,  still  they  did  not  become  excessively  muddy, 
even  during  the  periods  of  excessive  rain.  The  ground  floors  of  the 
sheds  were  always  dry,  so  the  calves  had  a  comfortable  and  conven- 
ient place  in  which  to  rest. 

HETHOD  OF  FEEDmG  AND  HAnDLIHO  THE  CALVES. 

On  November  17,  1910,  all  the  calves  were  tagged  and  dehorned. 
On  the  following  day  the  individual  weights  were  secured  and  the  77 
cfdves  were  divided  into  three  lots  as  nearly  equal  as  possible  in 
quality,  w^ht,  and  breeding.  The  preliminaty  feeding  b^an 
November  18,  1910.    All  of  the  males  were  castrated  on  November 
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23  and  24.  No  doubt  the  results  would  have  been  more  satiafactoiy 
if  the  calves  had  been  castrated  at  mi  earlier  age. 

The  animals  were  fed  twice  each  day,  the  morning  feed  being  given 
about  7  o'clock  and  the  night  feed  at  5  o'clock.  The  concentrated 
feeds  were  placed  in  the  troughs,  each  of  which  was  about  12  feet 
long  and  3  feet  wide.  The  hay  was  fed  in  separate  hay  racks.  Both 
the  troughs  and  the  racks  were  under  sheds  so  that  the  feed  never 
became  wet  and  the  calves  had  comfortable  quarters  in  which  to  eat. 
Salt  was  suppUed  r^ularly,  also  good  pure  water  in  clean  troughs. 

At  the  b^inning  and  end  of  the  experiment  individual  weights 
were  taken  on  two  successive  days.  During  the  couise  of  the  test 
the  total  weight  of  each  lot  was  taken  every  28  days. 

CHARACTER  AlTD  PRICE  OF  FEEDS. 

Cottonseed  meal,  com-and-cob  meal,  cottonseed  hulls,  and  mixed 
alfalfa  hay  were  all  used  in  this  test.  The  cottonseed  meal  and  the 
hulls  were  purchased  and  hauled  to  the  farm.  The  com-and-cob 
meal  and  the  mixed  alfalfa  hay  were  grown  upon  the  farm.  All  of 
the  feeds  were  of  good  quahty.  The  cottonseed  meal  waz  fresh  and 
bright ;  the  hay  consisted  of  a  mixture  of  abou  t  one-half  each  of  John- 
son grass  and  alfalfa.  The  com  was  grown  upon  the  farm,  and  before 
it  was  fed  the  whole  ear-  of  com  with  the  shuck  was  run  through  a 
grinder  and  made  into  com-and-cob  meal. 
The  feeds  were  valued  aa  follows: 

Cottonseed  meal per  ton. .  126. 00 

Cottonseed  hulls do —      7.00 

Ck»ni perbuahel..        .70 

Mixed  bay per  ton. .     15.00 

Ab  a  matter  of  fact  the  cottonseed  meal  cost  only  S25  a  ton,  and 
com  was  worth  only  50  cents  a  bushel,  but  the  above  prices  were 
adopted  for  the  sake  of  uniformity.  These  prices  ha^e  been  used  in 
other  publications  of  this  bureau,  and  represent  fairly  accurately  the 
average  prices  of  feeds  in  this  State 

DAILY  RATIONS. 

More  care  and  skill  must  be  exercised  in  feeding  a  young  animal 
than  an  old  one.  A  6-year-old  ox  may  be  cared  for  and  fed  in  a  care- 
less manner  and  still  no  serious  results  follow;  but  the  young  calf  will 
not  grow  and  develop  with  any  degree  of  satisfaction  under  a  careless 
system  of  management  and  feeding.  The  younger  the  animal  the 
greater  the  skill  required  to  care  for  and  feed  it;  one  case  of  overfeed- 
ing will  often  throw  the  stomach  and  bowels  out  of  condition  for  weeks. 

It  will  be  noticed  from  the  table  below  that  at  first  the  calves  were 
given  a  very  small  quantity  of  concentrated  feed,  the  amount  being 
gradually  increased  to  the  end  of  the  teat.  They  were  given,  from 
the  beginning,  all  of  the  hay  they  would  clean  up. 
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During  the  preliminary  feeding  period  each  calf  in  lot  1  received 
an  average  of  only  2.09  pounds  of  cottonseed  meal  each  day,  and 
during  the  last  16  days  of  the  feeding  period  the  calves  in  this  lot 
received  an  average  daily  feed  of  only  3.67  pounds  of  cottonseed 
meal.  At  one  time  the  daily  allowance  was  raised  to  4  pounds  for 
each  calf,  but  some  of  them  hegan  to  scour  and  the  allowance  of  meal 
was  quickly  reduced.  The  calvea  lq  lots  2  and  3  received  a  partial 
feed  of  com-and-Kwb  meal ;  this  was  mixed  with  the  cottonseed  meal, 
BO  the  daily  allowance  of  concentrated  feeds  for  the  calves  of  these 
two  lots  was  greater  than  that  of  the  calves  in  lot  1.  During  the 
preliminary  period  each  calf  in  lot  2  received  a  daily  feed  of  2.6 
pounds  of  concentrated  feeds,  practically  one-fourth  of  the  amount 
being  com-and-cob  meal.  Each  calf  in  lot  3,  during  the  same  period, 
received  3.05  pounds  daily  of  the  concentrated  feeds,  55.4  per  cent 
of  which  was  com-and-cob  meal.  At  the  end  of  the  test  each  calf 
in  lot  3  was  eating  6  pounds  daily  of  a  mixture  of  one-third  cotton- 
seed meal  and  two-thirds  com-and-«ob  meal.  They  ate  this  amount 
readily  with  no  ill  results  following. 

It  ^ould  be  noted  that  wHen  the  amount  of  feed  was  increased 
it  was  increased  gradually.    No  abrupt  changes  were  made. 

WnOHTS  AHD  GUNS. 

When  the  prejiminaty  weights  were  taken,  November  18,  1910, 
the  calves  averaged  from  six  to  eight  months  in  age.  While  they  were 
not  large  for  their  age,  they  were  larger  than  the  average  for  the 
State.  Their  moUiera  probably  averaged  about  1,000  pounds  in 
weight  in  usual  breeding  condition.  The  calves  had  not  been  pam- 
pered in  any  way  during  the  summer  months;  they  had  aimply  run 
with  their  mothers  upon  a  reasonably  good  pasture. 

In  some  previous  experimental  work  done  by  this  bureau  and  the 
Alabama  Elxperiment  Station,  yearling  grade  Angus  calves  attained 
a  weight  of  only  402  pounds,  but  they  were  heavily  infested  with 
ticks.  Some  ticks  were  permitted  to  get  on  the  calves  used  in  the 
present  test,  but  they  were  not  badly  infested.  Of  course,  this  slight 
infestation  retarded  their  development,  but  just  how'  much  it  is 
impossible  to  state. 

The  table  below  shows  that  the  calves  made  satisfactory  gains 
during  the  winter  feeding  periods. 
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PATTENISG  CALVES  IN  ALABAMA. 
Table  2. — Weight*,  total  gaitu,  and  average  daHy  gwM. 

PRELIHIKARY  PERIOD  (NOV.  17  TO  DEC.  7). 
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Durinf  the  preliniinaiy  period  from  November  17  to  December  7 
the  calves  were  dehorned  and  the  males  castrated,  yet  they  made 
excellent  gains.  The  lota  gained  a  daily  average  of  2.21,  2.16,  and 
2.05  pounds,  respectively,  during  this  period.  Of  course  some  of 
this  increase  can  be  attributed  to  "fill";  it  was  not  all  real  gain  in 
terms  of  meat  and  bone. 

During  the  regular  experiment  from  December  8  to  March  17  the 
gains  were  also  entirely  satisfactory.  The  calves  in  lot  1,  the  lot 
which  had  no  cora-and-cob  meal  mixed  with  cottonseed  meat,  made 
the  smallest  gains,  each  calf  guning  1.61  pounds  a  day;  this,  how- 
ever, was  a  satisfactory  daily  gain  for  small  and  young  ""'mnh 
The  calves  in  lot  3,  the  lot  which  was  given  the  heavy  feed  of  cois- 
and-cob  meal  along  with  the  cottonseed  meal,  made  the  grestest 
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gains,  each  calf  gainiiig  1.79  pounds  daily.  The  calves  in  lot  2,  the 
lot  which  received  the  small  amount  of  com-and^ob  ^meal  along 
with  the  cottonseed  meal,  made  an  average  daily  gain  of  1.69  pounds. 

During  the  whole  winter  feeding  period  each  calf  gained  an  average 
of  203,  210,  and  218  pounds  in  weight  in  lots  1,  2,  and  3,  respectively, 
so  that  when  the  calves  were  sold,  March  17,  the  whole  lot  of  77 
calves  averaged  643  pounds  in  weight.  They  were  practically  12 
months  old  when  sold. 

It  should  not  be  inferred  that  the  ration  which  produced  the 
greatest  gain  in  a  given  time  is  necessarily  the  best  or  most  profitable 
one.  While  the  question  of  rapidity  of  gain  is  an  extremely  im- 
portant factor  in  final  profits,  there  are  other  factors,  as  the  cost  of 
the  gain,  which  must  be  taken  into  consideration. 

QUANTITY  AND   COST   Or   SEED   REQUIRED   TO   HAKE    100   POUNDS 
GAIN. 

While  the  feeds  used  were  all  expensive  ones,  the  cost  to  make 
100  poimds  of  gain  in  live  weight  was  not  excessive.  In  fact,  the 
gains  were  made  cheaply.  This  was  due  to  several  factors.  First, 
the  calves  were  young  and  growing,  and  young  animals  of  all  Idnds 
can  be  made  to  increase  in  weight  more  economically  than  old  ones. 
Second,  the  calves  were  very  thrifty,  and  bo  made  good  use  of  the 
feed,  t^at  they  ate.  Third,  all  of  the  rations  were  extremely  palat- 
able, especially  the  two  which  had  the  corn-and-oob  meal  mixed 
with  the  cottonseed  meal.  A  young  animal  of  any  kind  will  not 
make  satisfactory  gains  on  an  unpalatable  ration.  Fourth,  the 
calves  had  comfortable  quarters  and  were  fed  and  watered  regularly. 

Table  3. — Qiumtily  and  coit  of/etd  reguirtd  to  vtaH  100  poundt  of  gam. 
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During  the  prelimmary  period  *tlie  calrea  made  both  rapid  and 
economical  ^ains,  notwitlistanding  tlie  fact  that  they  had  been 
dehorned  and  castrated.  It  cost  S3.S0,  S4.40,  and  (4.51  to  make  100 
pounds  of  gain  in  live  weight  in  lots  1,  2,  and  3,  respectively,  during 
the  preliminary  period.  In  this  period,  therefore,  the  calves  which 
ate  nothing  except  cottonseed  meal,  hulls,  and  alfalfa  hay  made  tlie 
cheapest  gains.  This,  however,  was  not  true  of  the  teet  when  taken 
as  a  whole. 

After  the  calves  had  been  on  feed  some  weeks,  with  the  "£11"  not 
taken  into  consideration,  the  gains  were  not  made  as  cheaply  as  at 
first.  Under  average  feeding  conditions  the  cheapest  gains  are  made 
during  the  first  few  weeks  of  the  fattening  process;  the  expensive 
gains  are  usually  made  near  the  close  of  the  feeding  period.  During 
the  regular  feeding  period  it  cost  $6.85,  S6.63,  and  S6.95  to  make 
100  pounds  of  gain  in  lota  I,  2,  and  3,  respectively.  The  cheapest 
gains  were  by  the  calves  in  lot  2,  where  the  small  amount  of  com- 
and-cob  meal  was  fed  along  with  the  cottonseed  meal.  The  most 
expensive  gains  were  made  in  lot  3,  where  the  calves  received  a 
heavy  proportion  of  com-and-cob  meal. 

The  cost  of  the  gains,  however,  does  not  determine  absolutely  the 
final  profits.  While  the  cost  of  the  gains  is  a  very  important  factor 
in  determining  final  profits,  there  are  other  factors  which  must  be 
taken  into  consideration  as  well.  The  final  selling  price  of  the  cattle 
must  also  be  considered  as  an  important  factor.  If  expensive  gains 
are  accompanied  by  a  proportionate  increase  in  the  final  value  and 
selling  price  of  the  cattle,  the  cost  of  the  gains  is  a  minor  considera> 
tion;  but  if  expensive  gains  do  not  increase  the  final  selling  price  of 
the  animal  in  proportion  to  the  increased  expense  of  ma^ng  the 
gains,  those  feeds  which  have  caused  the  expensive  gains  should  be 
eliminated. 

When  the  preliminary  and  the  regular  periods  are  combined  into 
one  period  of  119  days,  it  cost  S6.22,  $6.19,  and  (6.83  to  produce  100 
pounds  of  gains  in  lots  1,  2,  and  3,  respectively,  lot  2  still  showing 
up  to  the  best  advantage  and  lot  3  to  a  considerable  disadvantage. 


As  previously  stated,  the  cottonseed  meal  cost  (26  a  ton  and  the 
hulls  (7  a  ton,  tlie  hay  being  valued  at  (15  a  ton  and  the  com  at  70 
cents  a  bushel.  Before  a  farmer  spends  (26  for  a  ton  of  cottonseed 
meal  and  (7  for  a  ton  of  hulls  to  be  used  as  a  feed  for  cattle  he  should 
know  whether  or  not  he  will  get  his  money  back  in  the  shape  of 
profits  on  tlie  cattle.  In  other  words,  the  farmer  should  know 
whetlier  he  will  be  able  to  realize  a  profit  on  the  money  invested  in 
the  feed.    When  he  has  hay  and  com  on  his  farm  he  expects  to  sell 
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them  st  the  highest  possible  price.  When,  ia  addition,  he  has  cattle 
the  farmer  often  hesitates  aa  to  the  beet  method  of  disposing  of  the 
com  and  hay.  The  question  arises  in  his  mind,  Should  I  feed  the 
hay  and  com  to  the  calves  and  steers,  or  should  I  sell  these  feeds 
directly  upon  the  market  i 

The  following  table  throws  some  light  on  this  problem: 

Table  4. — Priai  realized  on  each  feed  when  fed  to  the  calvtt  and  pricet  of  tht  other  fet^ 
are  fixed. 
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While  the  cottonseed  meal  cost  only  $26  a  ton,  it  was  fed  to  the 
calves  and  sold,  by  means  of  them,  for  $36.10  to  $42,18  a  ton.  The 
hulls  cost  only  $7  a  ton,  and  they  were  resold,  by  means  of  the  calves, 
for  $10.40  to  $12.05  a  ton.  If  the  com  had  been  sold  upon  the  market 
it  would  not  have  brought  more  than  60  cents  a  bushel  during  the  fall 
of  1910  (it  is  charged  against  these  calves,  however,  at  70  cents  a 
bushel),  but  when  it  was  fed  to  these  calves  it  was  sold,  by  means  of 
the  calves,  for  95  cents  a  bushel  in  lot  3  and  $1.90  a  bushel  in  lot  2. 
If  the  mixed  alfalfa  hay  had  been  sold  as  hay,  it  would  not  have 
brought  more  than  $15  &  ton  on  tbe  farm,  but  it  was  sold,  through  the 
calves,  for  $20.72  to  $21.25  a  ton. 

These  results  tend  to  show  that  the  farmer  can  usually  afford  to  buy 
certain  outside  feeds — feeds  which  have  not  been  grown  on  the 
farm — for  feeding  his  animals,  while  he  can  almost  always  afford  to 
feed  hia  home-grown  feeds  to  Uve  stock  rather  than  sell  them  upon  the 
market. 

FIHAnCIAL  STATEHEHT. 

These  calves  were  raised  on  the  farm  on  which  they  were  fattened, 
so  the  initial  or  fall  price  is  an  estimated  one.  Their  estimated  value 
was  placed  at  SJ  cents  a  pound  on  the  farm,  without  shrink,  when 
these  experiments  began,  November  17,  1910, 

When  they  were  ready  to  be  sold,  buyers  visited  the  farm  to  make  bids. 
At  the  time  of  sale  the  beef  market  was  on  a  rapid  decline,  so  they  did 
not  sell  as  well  aa  was  expected.  They  were  sold  March  17,  1911,  the 
calves  in  lot  1  selling  for  $5.01  per  hundredweight  on  the  farm,  those 
in  lot  2  bringing  $5,11  per  hundredweight,  and  those  in  lot  3  selling 
for  $5.26  per  hundredweight.  All  the  sales  were  based  on  the  farm 
weight  after  a  3  per  cent  shrink.  They  were  shipped  to  the  Cincin- 
nati market,  where  complete  slaughter  records  were  secured. 
298M''— BuU.  147—12 3 
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Table  5. — FinaTtdal  ttatement. 

Lotl.  Cotloiueedineal,  cottonaeed  hulls,  mixed  &lUfahay^ 

By  aaleof  27  calves,  14,172  pounds,  at  ^.01  per  buadredirei^t 1710.02 

To 27 calves,  9,120 pounds, at  3}  ceutsa  pound $319.  20 

To  9,821  pounds  cotloneeed  meal,  at  f  26  a  ton 127.67 

To  23,908  pounds  cottonseed  hulls,  at  $7  a  ton 83. 68 

To  17,320  pounds  mixed  alblta  hay,  at  fl^  a  ton 129. 90 

Total  expense 660.45 

Total  profit 49.  57 

Profi  t  per  calf 1. 84 

Lot  2.  Cottonaead  meal  two-thirds,  com-and-cob  meal  one-third,  cottonseed  hulls, 
mixed  alhlfa  hay: 

By  sale  of  24  oJvee,  12,633  pounds,  at  $5.11  per  hundredwei^t $645.  55 

To  24  calvee,  7,984  pounds,  at  31  cento  a  pound |279. 44 

To  6,682  pounds  cottonseed  meal,  at  $26  a  ton 86.87 

To  3,298  pounds  com-and-cob  meal,  at  70  cents  a  bushel 32. 98 

To  21 ,418  pounds  cottonseed  hulls,  at  $7  a  ton 74.96 

To  15,630  pounds  mixed  alfalfa  hay,  at  $15  a  ton 117. 23 

Total  expense 501.48 

Total  profi  t 54. 07 

Profit  per  calt 2.25 

Lot  3.  Cottonseed  meal  one-lfaird,  com-and-cob  meal  two-thirds,  cottonseed  bulla, 
mixed  alfalfa  hay: 

By  sale  26  calvee,  13,774  pounds,  at  $5.26  per  hundredweight $724.51 

To  26  calves,  8,531  pounds,  at  SJ  cents  a  pound $298. 59 

To  7,353  pounds  cottonseed  meal,  at  $26  a  ton 95.59 

To  11,963  pounds  com-and-cob  meal,  at  70  cents  a  bushel 119.63 

To  22,687  pounds  cottonseed  hulls,  at  $7  a  ton 79.40 

To  12,363  pounds  mixed  alfalfo  hay,  at  $15  a  ton 92.  72 

Total  expense 685. 93 

Total  profit 38.58 

Profit  per  calf 1. 48 

The  foregoing  shows  that  all  of  the  calves  were  fed  at  a  profit,  the 
lowest  being  $1.48  per  calf  in  lot  3  and  the  highest  $2.25  per  calf  in 
lot  2.  What  do  these  profits  mean  ?  They  mean  that  the  corn  and 
hay  raised  on  the  fann  were  sold,  through  the  calves,  at  70  cents  a 
bushel  and  $15  a  ton,  respectively;  that  the  money  expended  for 
cottonseed  meal  and  hulls  was  all  returned  to  the  owner;  that  the 
fertilizer  value  of  these  feeds  was  left  on  the  farm,  and,  in  addition, 
each  calf  returned  the  above  additional  profits.  The  monetary^ 
returns  were  satisfactory,  as  the  farm  feeds  were  sold  for  more,  by 
means  of  the  calves,  than  could  have  been  secured  for  them  on  the 
market,  and  their  fertilizing  value  was  left  on  the  farm  in  the  shape  of 
barnyard  manure. 
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The  caivea  in  lot  3,  the  ones  which  receiTed  the  heavy  ration  of 
com-and-cob  meaJ,  returned  the  smallest  profit,  notwithstanding 
the  fact  that  they  sold  for  the  highest  price  at  Cincinnati.  The 
increase  in  the  price  did  not  OTercome  the  added  expense  of  feeding  a 
heavy  ration  of  com-and-cob  meal.  While  it  did  not  pay  to  feed  the 
heavy  ration  of  com-and-cob-meal,  it  did  pay  to  feed  the  small 
amount  of  com-and-cob  meal  which  was  used  in  lot  2,  as  the  calves  in 
this  lot  proved  to  be  the  most  profitable  ones  fed.  This  indicates  that 
when' fattening  beef  caivea  with  cottonseed  meal  and  cora-and-cob 
meal  as  concentjatea  one-third  of  the  concentrated  part  of  the 
ration  can  profitably  consist  of  com-and-cob  meal,  while  it  is  less 
profitable  to  have  com-and-cob  meal  constitute  two-tbirda  of  the  con- 
centrated part  of  the  ration. 

However,  there  is  one  factor  that  has  not  been  taken  into  consider- 
ation which,  if  considered,  Would  add  to  the  profita  of  lots  2  and  3, 
especially  the  latter.  Some  undigested  com  passed  through  the 
calves  in  these  two  lots;  if  hogs  followed  them  they  would  derive  no 
Uttle  benefit  from  the  droppings.  In  fact,  several  hogs  did  follow 
the  calves  in  lot  3,  but  no  record  was  kept  of  their  gains.  These  gains 
should  be  credited  to  the  calves. 

SLAUGHTER  RECORDS. 

As  stated  before,  these  calves  were  all  shipped  to  the  Cincinnati 
market,  where  full  slaughter  data  were  secured.  The  animals  were 
driven  9  miles  from  the  farm  to  the  railroad,  and  on  account  of 
unusual  delajrs  they  were  on  the  cars  67  hours  before  reaching  Cincin- 
nati. The  slaughter  results  are  given  in  the  following  table: 
Table  6. — Slaughter  data. 
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The  calves  of  lot  3,  the  ones  which  received  the  laige  proportion 
of  com-and-cob  meal,  dressed  out  the  highest,  each  caU  in  this  lot 
dressing  53.1  per  cent  of  the  market  weights.  The  calves  in  lots  1 
and  2  dressed  out  51.7  and  51.5  per  cent,  respectively. 

The  trip  was  a  hard  one  on  the  calves,  and  when  the  size  of  the 
animals  is  taken  into  consideration  they  shrank  heavily  on  the  road 
to  Cincinnati.  The  average  loss  in  weight  for  each  calf  was  57.8 
pounds  in  lot  1,  53.5  pounds  in  lot  2,  and  57.7  pounds  in  lot  3. 
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SUMMARY. 
The  first  experiment  is  aummarized  as  follows-. 
Table  7. — Summary  ttaiement. 
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Average  dally  gam  ol  each 
call. 

(iSKSa:::::::: 

sf  ^nd?f^ 

pounOii  guiD. 

125pounds  hulii' 

'Zr^.'r.::::.-::..-. 

136  10 

ia4.ax 

PrtS^"n'^'"^'"T' 

of    bulla    wIh'U    other 
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1.  The  animals  used  in  the  experiment  were  calves  ranging  from  6 
to  8  montlis  in  ^e. 

2.  Tlie  feeding  was  begun  November  17,  1910,  and  continued  until 
March  17,  1911. 

3.  The  77  calves  were  divided  into  three  lots  and  each  lot  fed  upon 
the  follomng  feeds: 

Lot  1.  Cottonseed  meal;  cottonseed  hulls;  mixed  alfalfa  hay. 
Lot.  2.  Cottonseed  meal,  two-thirds;  com-and-cob  meal,  one-third; 
cottonsceci  hulls;  mixed  alfalfa  hay.  Lot  3.  Cottonseed  m«al,  one- 
third  ;  com-and-cob  meal,  two-thirds;  cottonseed  hulls;  mixed 
alfalfa  hay. 

4.  Duringtbewholefeedingperiod  each  calf  inlotal,2,and3  made 
an  average  daily  gain  of  1.71,  1,76,  and  1.83  pounds,  respectively. 

5.  Wlien  tiie  whole  feeding  period  is  taken  into  consideration  tlie 
following  pounds  of  feed  were  required  to  make  100  pounds  of  gain: 

Lot  I:  179  pounds  of  cottonseed  meal,  435  pounds  of  hulls,  and 
315  pounds  of  lia}'.  Lot  2:  133  pounds  of  cottonseed  meal,  65  pounds 
of  coni-and-cob  meal,  425  pounds  of  hulls,  and  310  pounds  (tf  luiy. 
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SUMMARY EXPERIMENT  1.  21 

Lot  3:  130  potmds  of  cottonseed  meal,  211  pounds  of  com-and-cob 
meal,  400  pounds  of  hulls,  and  218  pounds  of  hay. 

6.  When  the  whole  feeding  period  is  taken  into  consideration,  each 
100  pounds  of  gain  in  lots  1,  2,  and  3  cost  S6.22,  S6.19,  and  S6.S3, 
respectively. 

7.  Cottonseed  meal  cost  S26  a  ton,  but,  by  means  of  the  calves,  was 
sold  for  $36.10,  $42.18,  and  $36.50  a  ton  in  lots  1,  2,  and  3,  respec- 
tively, when  the  prices  of  the  other  feeds  were  fixed. 

8.  Cottonseed  hulls  cost  $7  a  ton,  but,  by  means  of  the  calves,  each 
ton  was  sold  for  S11.15,  $12.05,  and  $10.40  in  lots  1,  2,  and  3,  respec- 
tively, when  the  prices  of  the  other  feeds  were  fixed. 

9.  By  means  of  the  calves  each  bushel  of  corn  was  sold  for  $1.00 
and  $0.95  in  lots  2  and  3,  respectively,  when  the  prices  of  the  other 
feeds  were  fixed. 

10.  By  means  of  the  calves  each  ton  of  alfalfa  hay  was  sold  for  $20.72, 
$20.92,  and  $21.25  in  lota  1,  2,  and  3,  respectively,  when  the  prices  of 
the  other  feeds  were  fixed. 

11.  The  calves  cost  $3.50  per  hundredweight  at  the  beginning  of 
the  test.  At  the  close  they  sold  for  $5.01,  $5.11,  and  $5.26  per  htm- 
dredweight  in  lota  1,  2,  and  3,  respectively, 

12.  Each  calf  netted'a  clear  profit  of  $1.84,  $2.25,  and  $1.48  in  lots 
1,  2,  and  3,  respeetively. 

13.  The  profitsjwere  satisfactory,  as  the  farm  crops  were  sold  for 
considerably  more,  by  means  of  the  calves,  than  if  they  had  been 
Bold  as  farm  crops,  and  the  value  of  the  fertilizer  should  also  be 
considered. 
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n.  FATTENIKG    CALVES    ITI    WINTER    ON    COTTONSEED 
MEAL,  COTTONSEED  HULLS,  AND  PEA-VINE  HAY. 

Fifty-two  calves  were  used  in  the  second  experiment,  the  main 
objects  of  which  were: 

1.  To  determine  whether  or  not  young  beef  calves  can  be  fattened 
profitably  for  the  spring  market  on  a  feed  of  cottonseed  meal,  cotton- 
Beed  hulls,  and  mixed  pea-vine  hay. 

2,  To  study  the  value  of  shelter  for  young  calves  while  being 
fattened. 

The  52  calves  were  divided  into  two  lots  when  the  test  began  on 
December  7,  1910.  One  lot  was  fed  under  the  shelter  of  a  good  bam, 
the  other  lot  being  fed  in  a  corn-stalk  field  with  no  shelter  at  all 
except  some  trees.  It  was  subsequently  seen,  however,  that  these 
young  calves  would  not  thrive  during  the  winter  months  without 
a  shelter  to  turn  the  cold  raina,  so  on  February  11,  1911,  they  were 
brought  into  the  bams  and  i)laced  under  the  sheds  with  the  other 
calves.    After  February  1 1  the  52  head  of  calves  were  fed  as  one  lot. 

The  work  was  done  in  cooperation  with  Mr.  E,  F.  Allison,  of 
Sumter  County,  Ala.,  who  had  kindly  agreed  to  cooperate  in  experi- 
mental work  with  beef  cattle  and  hogs.  .Mr.  AUison  furnished  the 
calves  and  the  feed,  while  the  bureau  and  the  experiment  station 
provided  a  trained  man  to  be  stationed  on  the  farm  to  look  after 
the  experiment.  Mr.  L.  W.  Shook  lived  on  the  farm  and  had  per- 
sonal chaise  of  the  work. 

THS  CALVES. 

The  majority  of  the  calves  used  in  this  experiment  were  rt^ed  on 
the  farm  of  Mr.  Allison,  near  Bellamy,  Ala.  A  few  calves  were  pur- 
chased from  neighbors.  More  than  half  of  those  raised  on  Mr.  Alli- 
son's farm  were  grade  Aherdeen-Angua  of  excellent  quality.  The 
ones  which  were  purchased  from  neighbors  were  of  common  quality 
and  showed  very  little  beef  blood.  As  a  whole,  they  were  not  as 
large  or  as  good  in  quaUty  as  were  the  calves  which  were  used  in 
the  other  two  testa  reported  in  this  bulletin.  When  the  test  began 
they  had  attained  an  average  weight  of  313  pounds.  The  calves 
were  bom  during  the  spring  of  1910,  so  were  from  6  to  8  months 
old  when  the  tret  began,  December  7,  1910.  They  were  valued  at 
3  cents  a  pound  at  the  beginning  of  the  experiment. 
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PLAH  OF  THE  WORE. 

At  the  begmmng  of  the  test  the  52  calves  were  divided  into  two 
lots  of  26  each.  One  lot  waa  fed  in  a  small  paddock,  across  the  west 
side  of  which  extended  a  good  shelter.  As  previously  stated,  the 
intention  at  fiist  was  to  feed  the  second  lot  of  calves  without  shelter; 
that  is,  they  were  to  be  fed  in  a  cornfield  where  no  shelter,  except 
trees,  was  available.  All  were  started  on  feed  December  7,  1910 
but  it  was  seen  Uiat  the  calves  without  shelter  were  not  making 
satisfactory  and  economical  gains,  as  the  winter  was  unusually  wet 
and  cold,  so  on  February  11,  1911,  the  field  lot  of  calves  was 
brought  to  the  bam  and  placed  with  the  other  calves.  The  whole 
52  head  were  fed  together  in  one  lot  &om  February  11  to  the  end  of 
the  test,  March  29,  1911. 

On  account  of  the  fact  that  the  two  Jots  were  finally  thrown 
together  into  one,  the  test  is  presented  in  this  publication  as  one  lot. 

PRICES  AlfD  QUAUry  OF  FEEDS, 

Cottonseed  meal,  cottonseed  hulls,  and  mixed  cowpea  hay  were 
the  feeds  used.  The  cowpea  hay  was  grown  upon  the  farm;  the 
other  two  feeds  were  p^u^ha8ed  on  the  market.  On  March  20,  1911, 
the  supply  of  cowpea  hay  was  exhausted  and  a  change  was  made  to  a 
rather  poor  quality  of  hay,  composed  of  crab  grass,  with  a  small 
trace  of  Lespedeza  and  pea  vines.    The  feeds  were  valued  as  follows: 

Cottoiweed  meal per  ton.,  $26.00 

Cottoneeed  hulls do 7,00 

Mixed  pea-vine  h&y do 15.00 

1>AJLY  RATIOnS. 

During  the  first  month  no  hay  waa  fed,  but  it  waa  thought  that  it 
would  be  profitable  to  use  some  hay  along  with  the  hulls,  so  it  was 
provided  after  the  first  month. 

It  should  be  remembered  in  studying  the  following  daily  feeds 
that  these  were  young  and  small  calves.  Their  average  weight  was 
only  313  pounds  when  the  test  began. 

Table  S.^Dailj/  rtttiimforeaiA  calf,  by  monthly  ptriodt,fivm  Dee.  7, 1910,  to  Mar.  !9, 
1911. 
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24  FATTENING  OAI^VEB  IK  A.T.ABAMA. 

During  no  period  did  the  calves  average  more  .than  3.27  poimds 
each  of  cottonseed  meal  daily.  Even  with  this  small  allowance  of  the 
meal  a  few  calvea  scom^.  They  were  given  a  definite  number  of 
pounds  of  hulls  along  with  the  meal,  and  all  of  tiie  hay  iJiey  would 
eat  up  clean  alter  each  meal.  They  ate,  on  the  average,  practdcatly 
10  pounds  of  hulls  per  calf  per  day,  and  slightly  more  thui  2  pounds 
of  hay.  Many  feeders  would  criticise  these  rations  as  bdng  too  small, 
but  satisfactory  gains  were  made. 

WEIGHTS  AND  OAZHS. 

The  calves  did  not  make  unusually  large  gains,  but  when  their  aize 
is  taken  into  consideration  it  is  seen  that  they  increased  in  weight  at 
a  reasonable  rate.  The  feeding  period  was  continued  for  112  days, 
and  during  this  time  an  average  daily  gain  of  1.24  pounds  was  secured. 

Table  9.—WeiflM  and  gam*  for  total  feeditig  period  of  lit  dayB,  from  Dee.  7, 1910,  to 

Mar.  t9,  1911. 
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At  the  inauguration  of  the  experiment  each  calf  weighed  313 
poimds;  at  the  close  they  had  attained  an  average  weight  of  452 
pounds;  hence,  during  the  feeding  period  of  112  days  (Dec  7, 
1910,  to  Mar.  29,  1911)  each  calf  made  a  total  gain  of  139  pounds. 
The  animals  were  thrifty  throughout  the  whole  test. 


'  Considering  that  these  calves  were  fattened  in  the  winter  time  and 
upon  dry  feeds  altogether,  the  gaii^  aa  shown  in  the  table  below  were 
produced  at  on  unusually  small  expense.  This  was  due  largely  to  the 
fact  that  the  animals  were  young.  The  younger  the  animal  the  more 
cheaply  can  the  gains  be  made.  Aa  a  rule,  the  feeder  can  not  expect 
to  produce  gains  as  cheaply  on  mature  as  on  youngcattle. 


Table  10.— Qiwnii*  and  tmt  of  feed  Tequired  U>  male  100  pownA  of  gain. 
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It  is  seen  that  249  pounds  of  cottonseed  meal,  808  pounds  of  cotton- 
seed hulls,  and  121  pounds  of  hay  were  required  to  make  100  pounds 
of  gain;  or,  when  feeds  are  valued  as  on  page  23,  it  cost  $6.97  to  make 
100  pounds  of  increase  in  lire  weight. 

AHOUHT  REALIZED  01*  EACH  TON  OF  FEED  WEEN  PRICES  OF  THE 
OTHER  ggana  ARE  FIXED. 

This  test  again  emphasizes  the  facts,  first,  that  the  farmer  can  well 
afford  to  buy  commercial  feeds  for  his  beef  animab  during  the  fatten- 
ing process,  and  second,  when  he  has  home-raised  feeds  to  sell  greater 
prices  can  be  realized  on  them  when  they  are  sold  by  means  of  live 
stock  than  when  sold  upon  the  general  grain  or  hay  market.  Each 
ton  of  feed  used  was  sold,  by  means  of  the  calves,  for  the  following 
prices: 

nice  realized  on  each  ton  of  cottooaeed  meal  when  other  pricee  are  fixed t46. 32 

Price  realised  on  each  ton  of  cottonseed  hulls  when  other  juices  ue  fixed 13. 24 

J^ice  realised  on  each  ton  of  mixed  hay  when  other  poicee  are  fixed 66.61 

Cottonseed  meal  cost  $26  a  ton,  but  it  was  sold,  by  means  of  the 
calros,  for  (46.32  a  ton.  The  cottonseed  hulls  cost  S7  a  ton  and  this 
sum  was  nearly  doubled  by  means  of  the  calves,  the  price  realized 
beii^  tl3.2i  a  ton.  The  price  realized  on  the  hay  was,  of  course, 
abnormally  high,  as  not  much  hay  was  fed;  only  4.37  tons  were  used 
throughout  the  whole  test,  but  this  small  amount  was  sold,  by  means 
of  the  calves,  for  S66.61  a  ton  when  cottonseed  meal  and  hulls  are 
valued  at  $2S  and  S7  a  ton,  respectively. 

FINAITCIAL  STATEMEKT. 

At  the  beginning  of  the  experiment  the  calves  were  valued  at  3  cents 
a  pound.  When  they  were  ready  to  be  sold,  March  29,  1911,  they  were 
shipped  to  New  Orleans,  where  th^  sold  for  an  average  of  $5.55  per 
hundredweight.  All  expenses  were  taken  into  consideration  in  the 
financial  statement  below,  such  as  freight,  feed,  yardage,  and  commis- 
sion for  selling  in  New  Orleans.  These  calves  were  not  sold  by  farm 
weight,  so  the  financial  statement  is  based  on  New  Orleans  weights  and 
prices: 

Tablb  11.— Finaneial  lUaement. 

By  sale  of  52  calves,  23,212  poundfl,  at  $5.55 11,288.27 

To  52  calvea,  18,304  pounds,  at  3  cente  a  pound $489. 12 

To  17,900  pounds  of  cottonseed  meal,  at  $26  a  ton 232.70 

To  58,303  pounds  of  eoltonaeed  hulls,  at  17  a  Ion 204.06 

To  8,743  pounds  of  mixed  pea-vine  hay,  at  $15  a  ton 65. 57 

To  shipping  expenses,  commiseioQ,  yardage,  etc.,  on  52  calves....     114.92 

Total  expense 1,106.37 

Total  profit 181. 90 

Profit  per  calf 3.60 
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26  JAITENINO  CALVE6  IK  ALABAMA. 

After  all  ei^ensee  were  charged  t^auist  the  calves  they  netted  a 
clear  profit  of  S3.50  each.  This  was  a  satisfactory  profit.  It  cost 
S2.21  to  ship  each  calf  to  New  Orleans  and  pay  all  the  selling  expenses 
upon  their  arrival ;  the  total  shipping  expense  amounted  to  49  cents 
for  each  100  pounds  live  weight. 

SLAUOHTBR  RECORDS. 

As  stated  before,  these  calves  were  shipped  to  New  Orleans,  where 
slaughter  records  were  secured.  They  were  driven  3  miles  to  the 
railroad  at  Bellamy,  Ala.,  to  be  loaded  on  the  cars: 

TABUt  12.— Slaughter  (bita. 
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There  were  52  calves  altogether,  but  the  dressed  weights  of  only 
45  were  secured.  The  animnlg  lost  an  average  of  12  pounds  each 
during  the  trip  to  New  Orleans;  this  was  an  unusually  small  shrink- 
age. They  dressed  out  52.7  per  cent  by  New  Orleans  weights,  and 
52.8  per  cent  by  farm  weights,  after  a  3  per' cent  shrink. 

SDHMART. 

The  second  experiment  is  summarized  as  follows: 

T&BI.B  13.— Summary  ttoteiwiU. 

Tot&l  number  of  calyee S! 

Avemgeweigbtoteaclicalf  atbc^iiuiiiigof  test  (Dee.  7,  1910) pouoda. .        813 

Average  weight  of  each  calf  &t  end  of  teet  (Mar.  29,  1911) do 452 

Average  gain  of  each  calf do 139 

Average  daily  gain  each  calf  for  112  days do 1.24 

fmeal do «9 

Pounda  feed  required  to  make  lOOpounda  of  gain..|huUB do SOS 

[hay do....         121 

Coat  U>  make  100  pounds  of  gain 10. 97 

Price  realized  on  each  t«n  cottonseed  meat,  prices  of  other  feeds  being  fixed..  $46.32 
Price  leatized  on  each  ton  cottonseed  hulls,  prices  of  other  feeds  being  fixed  .  S13, 24 

Price  realized  on  each  ton  bay,  pricee  of  other  feeds  being  fixed 9511 61 

Value  of  calvee  at  b^inning  of  test  (Dec.  7, 1910) hundred weigfat. .    93. 00 

Selling  price  of  calvee  at  New  Orleans,  Mar.  29, 1911 do IS.  S5 

Total  profit  on  each  calf *3.B0 
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SUMMABY — EXPEBIMENT  It.  2? 

1.  The  calves  used  in  this  test  were  from  6  to  8  months  old  when 
the  experiment  b^an,  December  7,  1910. 

2.  They  were  valued  at  S3  per  hundredweight  when  the  test  began. 

3.  At  the  beginning  of  the  test  the  calves  averaged  313  pounds  in 
weight;  at  the  close  (Mar.  29,  1911)  they  had  attained  an  average 
weight  of  452  pounds.  They  made  an  average  daily  gain  of  1.24 
pounds. 

4.  There  were  required  249  pounds  of  cottooaeed  meal,  808  pounds 
of  cottonseed  hulls,  and  12b  pounds  of  mixed  cowpea  hay  to  make 
100  pounds  of  increase  in  hve  weight.  The  cost  of  100  pounda  gain 
was  S6.97. 

5.  The  price  realized  for  each  feed  when  sold  through  the  calves,  and 
when  the  prices  of  the  other  feeds  were  fixed,  was  as  follows:  Cotton- 
seed meal,  S46.32  per  ton;  cottonseed  hulls,  S13.24  per  ton;  pea-vine 
hay,  166.61  per  ton. 

6.  On  March  29,  1911,  the  calves  were  shipped  to  New  Orleans  and 
sold  for  $5.55  per  hundredweight.  Each  calf  netted  a  clear  profit  of 
S3.50. 
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m.    WINTERING   CALVES   FOLLOWED  BT  FATTENING  OH 
PASTUBE. 

The  third  experiment  was  carried  on  in  cooperation  with  Messrs. 
Cobb  and  McMillan,  of  Sumter  County,  Ala.  As  in  the  previous  Usi 
(Fart  I  of  this  bulletin),  these  farmers  furnished  the  cattle  and  the 
feed,  and  the  Bureau  of  Ammal  Industry  and  the  Alabama  Experi- 
ment Station  placed  a  trained  man  upon  the  farm  to  carry  on  the 
experimental  work.  One  of  the  authors  of  this  bulletin,  Mr.  W.  F. 
Ward,  was  stationed  on  the  farm  and  had  personal  supervision  of  the 
test. 

PLAIT  AND  OBJECT  OF  THE  WORE. 

The  calves  in  this  experiment  were  bom  during  the  spring  of  1909. 
During  the  summer  of  1909  they  were  with  their  mothers  on  a  reason- 
ably good  pasture  and  received  no  particular  attention  except  being 
salted  regularly.  When  fall  arrived  and  the  pastures  were  exhausted 
they  were  taken  from  their  mothers,  weaned,  tagged,  dehorned,  and 
the  males  castrated.  They  were  then  put  up  in  an  acre  lot  in  which 
there  was  no  grass,  and  were  fed  all  winter  on  a  ration  of  cottonseed 
meal,  com  chop,  cottonseed  hulls,  and  mixed  alfalfa  hay.  TTie  object 
was  to  give  them  sufficient  feed  to  produce  good  gains  all  through  the 
winter  months,  but  not  to  fatten  them  for  the  market  until  the  pasture 
was  available  in  the  following  spring.  By  the  latter  part  of  March, 
1910,  sweet  clover  (Melilotus)  had  appeared,  so  the  calves  were 
changed  from  the  winter  feed  to  this  pasture  and  fed  some  cottonseed 
cake  and  alfalfa  hay  in  addition.  They  were  kept  upon  this  pasture 
until  June  22,  1910,  when  they  were  sold.  During  the  latter  part  oF 
the  grazing  season  there  was  some  Japan  clover  (Lespedeza)  and  Ber- 
muda in  the  pasture.  During  all  this  time  the  calves  were  given  a 
small  daily  feed  of  cottonseed  cake  along  with  the  pasture. 

The  object  of  the  work  was  to  determine  the  profit,  if  any,  in 
handling  and  feeding  beef  calves  in  accordance  with  the  above  plan. 

THE  CALVES. 
The  34  calves  used  in  this  test  were  a  good  grade;  none  of  them 
was  purebred,  but  the  majority  contained  from  one-half  to  three- 
fourtiia  of  Aberdeen-Angus,  Hereford,  or  Shorthorn  blood.  TTie 
majority  of  the  calves  were  raised  on  the  farm  where  the  experimental 
work  was  done;  some  few  of  them,  however,  were  purchased  from 
neighbors  just  before  the  inauguration  of  the  experiment.    As  before 
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stated,  they  hod  all  been  bom  during  the  spring  of  1909,  so  were  from 
7  to  8  months  old  when  they  were  first  weighed,  December  3,  1909. 
For  their  age  they  were  not  large,  although  they  were  larger  than  the 
average  calves  of  the  State.  At  the  b^;inning  of  the  work  their 
average  weight  was  386  pounds. 

TEBD  AITD  MAITAaEHSirT. 

December  3,  1909,  the  calves  were  placed  in  the  acre  lot,  in  which 
was  a  good  shed  that  afforded  ample  protection  from  cold  rains  and 
wind.  On  the  above  date  the  winter  feeding  b^an.  They  were 
salted  at  r^ular  intervals.  Good,  clean,  fresh  water  was  kept  in 
broughs  aU  of  the  time.  The  hay  racka  and  the  feed  bunks  or  troughs 
were  all  under  shelter  so  that  the  calves  could  eat  in  a  comfortable 
place  no  matter  how  inclement  the  weather  became.  During  the  win- 
ter months  they  #ere  fed  twice  daily,  once  early  in  the  morning  and 
again  an  hour  or  so  before  dork. 

When  the  grass  appeared  in  the  spring  (March  22,  1910)  each  calf 
was  weighed  and  aU  were  turned  upon  the  pasture  to  be  fattened  on 
grass.  While  on  pasture  they  were  fed  only  once  a  day,  and  this  was 
done  about  sundown,  or  in  the  cool  part  of  the  afternoon,  so  that  all 
would  come  out  to  the  feed  troughs.  The  feed,  which  consisted  of 
cottonseed  cake  and  alfalfa  hay,  was  not  thrown  upon  the  ground; 
the  cake  was  placed  in  feed  troughs  situated  at  convenient  places  in 
the  pastures,  and  the  hay  was  fed  from  hay  racks.  When  cattle  are 
thus  fed  in  property  constructed  hay  racks  and  troughs  practicaQy  no 
feed  is  wasted. 

The  pasture  was  not  free  from  ticks,  so  the  calves  became  slightly 
infested.  However,  they  were  dipped  at  irregular  intervals,  and  very 
few  ticks  appeared  on  them.    No  Texas  fever  cases  developed. 

A  good  supply  of  water  was  afforded  by  a  creek  and  an  artificial  pool. 

THE  PASTORS. 

In  the  weatem  part  of  Alabama  sweet  clover  (Melilotus)  appears 
earher  than  any  other  pasture  plant.  In  the  spring  of  1910  this 
clover  pasture  was  ready  for  grazing  by  March  22,  but  it  did  not 
afford  complete  and  satisfactory  grazing  at  this  early  date.  However, 
no  hay  was  used  to  supplement  the  pasture  until  April  29,  when  a 
small  allowance  of  freshly  cut  alfalfa  hay  was  added  to  the  pasture 
and  cake  ration.  Later  on  in  the  season  the  sweet  clover  died  down, 
when  Japan  clover  (Leepedeza),  some  Bermuda,  and  carpet  grass 
constituted  the  main  grazing  plant«. 

The  pasture  had  been  in  cultivation  during  the  season  of  1909,  so 
did  not  furnish  ample  grazii^,  as  the  grasses  had  not  become  thor- 
oughly established.  Still  the  calves  made  good  and  economical  gains 
during  the  pasture  season.  The  34  animals  were  grazed  upon  a  field 
which  contained  practically  100  acres.  .  ■( "j^oo-lr 
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CHARACTBR  AND  PRICES  Or  VBEDS. 

Cottonseed  meal,  cottonseed  cake,  cottonseed  hulls,  com  chop,  and 
freshly  cut  alfalfa  hay  were  all  used  at  varioua  timee  throti^hout  the 
test.  The  purchased  feeds  were  charged  against  the  calves  at  the 
market  prices.  Estimated  prices,  corresponding  as  nearly  as  possible 
to  the  market  prices,  were  placed  upon  the  two  feeds  which  were 
grown  upon  the  farm.  The  following  prices  were  placed  upon  the 
feeds; 

Cottonseed  meal per  ton. .  $26. 00 

Cottonseed  cake  (broken) do 26. 00 

Cotttmeeed  hulls do. ...      7. 00 

Com  chop perbtubel..        .70 

AUalfabay per  ton..     15.00 

Paature per  h«»d  per  month. .        .  50 

During  the  winter  months  a  hay  made  up  of  a  mixture  of  Johnson 
grass  and  alfalfa  was  fed,  but  that  which  was  fed  along  with  the 
pasture  was  practically  all  freshly  cut  alfalfa.  The  com,  which  was 
grown  on  the  farm,  was  used  in  the  shape  of  corn  chop,  the  shelled  com 
being  run  through  agriader  which  crushed  the  grain  into  a  coarse  meal. 
The  cottonseed  meal  and  the  cottonseed  cake  were  both  purchased 
from  a  near-by  oil  mill.  The  cake  had  been  broken  into  nut  aize  and 
sacked;  this  had  been  done  at  the  mill.  All  of  the  feeds  were  of  good 
quality. 

DAILY  RATIONS. 

As  noted  in  the  early  part  of  this  bulletin,  young  animals  must  be 
fed  with  a  great  deal  of  care  and  skill;  they  require  more  care  and 
attention  than  steers  and  oxen.  These  calves  were  fed  at  practically 
the  same  hour  each  day,  and  recdved  a  definite  amount  of  feed.  This 
daily  allowance  of  feed  was  Umited,  and  it  was  expected  that  the 
troughs  would  be  clean  within  an  hour  after  each  feeding. 
Tavlk  li.— Daily  feed  for  eadi  ealf for  the  whoU  ptriod  {Dee.  S,  1909,  to  Junatt,  1910). 
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It  will  be  seen  that  the  calves  did  not  get  a  heavy  grun  ration  at  anj 
time.  For  the  first  28  days  of  the  winter  period  each  calf  was  given 
practically  3.6  pounds  of  grain  each  day ;  during  the  second  period  of  28 
days  the  quantity  was  raised  to  4  pounds  for  each  calf  daily.  This 
quantity  was  too  expensive,  though,  so  titie  grain  part  of  the  ration 
was  reduced  coDsiderably  during  the  third  period  of  28  days.  The 
object  was  to  get  these  calves  through  the  winter  as  cheaply  as  possi- 
ble, and  still  produce  reasonable  and  steady  gains.  The  pasture  was 
looked  forward  to  as  the  feed  for  making  rapid  and  cheap  gains,  so  the 
high-priced  winter  feeds  were  used  as  sparingly  as  possible.  It  will  be 
seen  later,  however,  that  the  calves  made  satisfactory  gains  in  the 
winter  months. 

Duiing  the  winter  months  a  definite  quantity  of  cottonseed  hulls 
was  weighed  out  to  the  animals  at  each  feed.  It  will  be  seen  that 
for  the  first  28  days  each  calf  ate  7.13  pounds  of  hulk  daily,  while 
during  the  last  28  days  the  daily  allowance  was  raised  to  10.24  pounds. 
Alfalfa  hay  was  fed  ad  libitum;  they  were  given  all  they  cared  to  eat 
after  receiving  the  regular  feed  of  hulls  and  concentrates.  They  did 
not  consume  much  alfalfa  hay,  however,  as  the  average  was  under  4 
pounds  daily. 

When  the  pasture  season  arrived,  March  25,  1909,  the  calves  were 
turned  upon  grass  and  given  an  average  daily  feed  of  3.23  pounds 
of  cottonseed  cake  for  the  first  28  days.  The  pasture  was  not  good  at 
this  early  date,  and  the  calves  made  only  0.23  of  a  pound  averse 
dailygainpwhead  during  the  first  period.  It  would  probably  have  been 
profitable  at  this  time  to  have  supplemented  the  pasture  with  some 
alfalfa  bay,  but  the  hay  could  not  be  secured.  By  April  29  a  new 
crop  of  alfalfa  had  been  cut,  so  that  date  marked  the  beginning  of 
the  use  of  the  hay.  After  this  date  hay  was  fed  each  day  until  the 
c^ves  were  sold.  During  the  last  33  days  of  the  test  each  calf  was 
given  a  duly  feed  of  5  pounds  of  cottonseed  cake  and  2.74  pounds  of 
alfalfa  hay  along  with  the  pasture. 

WEIGHTS  AND  GAINS. 

These  calves  were  larger  than  those  used  in  the  test  reported 
in  Part  I.  When  the  test  began  the  calves  averaged  386  pounds  in 
weight;  when  it  closed,  they  averaged  628  pounds,  or  they  made 
an  average  total  gain  of  242  pounds  each  from  December  3,  1909,  to 
June  22, 1910.    Taken  as  a  whole,  the  gains  were  entirely  satisfactory. 


Table  15.— Total  and  daily  gaim. 
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FATTENING  CAIiTEB  IN  AIABAUA. 


The  CBlv«fi  were  in  the  test  201  days.  For  the  first  112  days  the; 
were  on  dry  winter  feed ;  during  the  final  89  daya  they  were  on  pasture. 
Each  calf  made  an  average  total  gain  of  126  pounds  from  December 
3,  1909,  to  March  24,  1910,  or  an  average  daily  gain  of  1.13  pounds. 
This  was  satisfactory.  On  March  24,  they  averaged  512  pounda'in 
weight  and  were  from  11  to  12  months  of  ^e. 

During  the  pasture  season  of  89  days  (March  25  to  June  22),  the 
calves  made  an  average  total  gain  of  119  pounds  each,  or  an  average 
daily  gain  of  1.33  pounds.  These  gains  were  also  satisfactory,  but 
nothing  unusual.  When  the  test  closed  on  June  22  the  calves  had 
reached  an  average  weight  of  628  pounds.  They  were  from  14  to  15 
months  old  at  this  time. 

QUANTITY  AlfD    COST   OF  FEED   REQUIRED   TO   HAKE   100   PGUItDS 

GAUT. 

The  table  below  shows  the  average  daily  ration  for  each  calf,  the 
pounds  of  feed  required  to  make  100  pounds  of  increase  in  live 
weight,  and  the  cost  to  make  the  gains.  In  this  connection  it  should 
be  remembered  that  these  were  young  and  small  animals.  As  a 
result  of  their  being  young  and  small  their  daily  feed  was  small  and 
their  gains  were  made  economically. 


Table  19. ^Average  daily  ratum  and  qwmtit}/ and  cost  o 
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It  cost  S8.63  to  make  100  pounds  of  gun  during  the  winter  period 
but  the  same  gains  were  made  for  only  S4.84  when  the  calves  were 
on  pasture  and  received  a  partial  ration  of  cottonseed  cake  and 
alfalfa  hay.  This  strikingly  illustrates  the  importance  and  value  of 
pastures.  During  the  winter  months  expensive  guns  are  almost 
always  encountered,  no  matter  what  kind  of  hve  stock  is  being  raised 
or  fattened.  This  condition  of  affairs  is  usually  due  to  two  factors. 
First,  the  feeds  which  are  used  during  the  winter  months  are  the 
high-priced  ones,  and,  second,  smaller  gains  are  usually  secured 
(especially  with  young  and  growing  stock)  during  the  cold  months, 
and  small  gains  are  almost  always  expensive. 

The  cost  of  the  summer  gains  was  small  compared  with  that  of  the 
winter  gains,  yet  these  summer  gains  were  unusu^y  expensive.    In 
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previous  pasture-feeding  work  in  this  State  *  smnmer  gains  have 
been  made  for  t2.56  to  $3.2^  per  hundred  pounds  increase  in  live 
weight  when  cake  w&s  fed  along  with  the  pasture.  The  short  pasture 
during  the  early  part  of  the  test  probably  accounts  For  the  expensive 
gains;  the  calves  made  a  daily  gun  of  only  0.23  of  a  pound  during 
the  first  28  days  of  the  aununer  feeding. 

PRICES  RJBALIZED  FOR  FEEDS  AS  A  RBSOLT  OP  FBBDmO  TO  CALVES. 

It  will  be  seen  below  that  excellent  prices  were  realized  upon  all 
of  the  feeds  used  during  the  fattening  period.  By  means  of  the 
calves  the  feeds  were  sold  for  a  greater  price  than  they  would  have 
brought  had  they  been  placed  upon  the  open  grain  or  hay  markets. 
The  feeds  brought  the  following  prices  as  a  result  of  being  fed  to  the 
calves: 

CottoDseed  meal per  ton..  945.  B3 

Com  chop per  bualiel . .      1. 37 

Cottonoeed  bulla per  ton . .     10. 99 

Hay  fed  in  winter do 23. 88 

Cottonsoed  cake do S5. 82 

AlfaUa  hay  during  pasture  eeaaon do 21.48 

Pasture  rental per  head  per  month..       1.06 

The  cottonseed  cake  cost  S26  a  ton,  but  was  resold,  by  means  of 
the  calves,  for  $35.82  a  ton,  aa  above  shown.  If  the  hay  had  been 
sold  on  the  market  it  would  have  brought  approximately  S15  a  ton, 
but  when  it  was  fed  to  the  calves  and  marketed  by  means  of  them 
each  ton  reahzed  S21.4S  to  t23.S9.  When  measured  in  terms  of 
profits  mode  on  the  calves,  the  pasture  was  rented  for  tl.06  a  month 
for  each  calf.  If  the  com  had  been  hauled  to  town  and  sold  it  would 
not  have  brought  over  70  cents  a  bushel,  but  when  it  was  fed  to  the 
calves  each  bushel  realized  $1.37.  The  cottonseed  meal  and  hulls 
were  sold  through  the  calves  for  $45.93  and  $10.99  a  ton,  respectively. 

These  results  all  emphasize  the  fact  that  the  farmer  can  usually 
sell  his  farm  crops  by  means  of  some  kind  of  live  stock  for  more  than 
can  be  obtained  for  them  when  placed  on  the  markets  as  raw  farm 
products. 

FINAITCIAL  STATSHEHT. 

As  stated  before,  the  majority  of  these  calves  were  rused  on  the 
farm  where  the  work  was  done.  As  they  were  not  purchased  on  the 
open  market,  an  estimated  fall  value  was  placed  upon  them.  They 
were  estimated  to  be  worth  3J  cents  a  pound  when  the  winter  work 
began,  December  3,  1909.  They  were  fed  throngh  the  winter,  all 
feeds  being  chained  against  them  at  the  r^ular  market  prices,  so 
by  the  time  spring  arrived  they  had  cost  considerably  more  than  the 
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aboTe  fall  price.    The  foUoving  statement  shows  the  complete  cost 
of  the  calves  up  to  March  25,  1910: 

Table  17.— Total  eott  oflAe  eaive*  cm  March  ts,  1910. 

To  34  calves,  13,118  poundB  at  3^  cents  (tall  value) 9459.13 

To  6,414  pounds  cottonseed  meal  at  126  a  too 83. 3B 

To  5,303  poimdH  of  com  chop  at  70  centa  a  buahel 66.31 

To32,356pouiidaofcottonBaedhulbatt7atiHi 113.25 

To  14,380  pounds  of  mixed  alfalfa  hajr  at  $15  a  ton 107.  SS 

Total  cost  of  calvM  March  25,  1910 829.82 

On  March  25,  1910,  the  34  calves  weighed  17,313  pounds,  and 
their  total  cost  had  reached  S4.79  +  per  hundredweight,  consequently 
they  were  valued  at  this  sum  for  the  pasture  work.  It  cost  S10.90 
to  feed  each  calf  from  December  3,  1909,  to  March  24,  1910. 

Table  18. — RetvlU  offatUnmg  the  oalvtt  on  patture. 

By  sale  of  34  calvea,  20,702  pounda,  at  5)  cents  a  pound $1,138.61 

To  34  calves,  17,313  pounda,  at  $4.78  + per  cwt {829.82 

To  12,291  pounds  cottonseed  cake  at  $26  a  ton 159.  7S 

To  4,691  pounds  alfalfa  hay  at  $15  a  ton 35. 18 

To  total  pasture  rent,  SB  days  (Ifar.  2&  to  June  22),  at    50    cents 
per  head  per  month 50.43 

Total  expenses 1,075.21 

Total  profit 63.40 

Profit  per  calf 1.86 

These  calves  were  sold  June  22,  IdlO,  for  5^  cents  a  pound  on  the 
farm,  after  a  3  per  cent  shrink.  They  were  shipped  to  the  Meridian 
(Miss.)  market  for  slaughter. 

Hie  above  shows  that  a  profit  of  $1.86  was  made  on  each  calf  after 
all  expenses  were  taken  into  account.  The  financial  statement  means 
that  the  calves  were  put  into  the  test  at  3^  cents  a  pound  in  the  fall 
of  1909;  that  the  alfalfa  hay  which  was  grown  on  the  farm  was  aM 
for  $15  a  ton;  that  the  com,  which  was  also  produced  upon  the  farm, 
was  disposed  of  for  70  cents  abushel;  and,  finally,  that  an  additional 
profit  of  $1.86  was  made  on  each  calf.  This  was  satisfactory,  espe- 
cially when  it  is  recalled  that  a  lai^e  amount  of  manure  was  pro- 
duced while  the  calves  were  being  fed. 

SLAUGHTER  RECORDS. 

The  calves  were  shipped  to  Meridian,  Miss.,  for  slaughter.  They 
were  driven  to  Scooba,  Miss.,  a  distance  of  11  milee,  to  be  loaded  on 
the  cars.  Through  a  misunderstanding  the  live  weights  were  not 
secured  at  Meridian,  but  the  individual  weights  of  the  dressed  car- 
casses were  all  secured. 
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It  will  be  seen  that  the  calves  dressed  out,  by  fann  weights,  after 
allowing  3  per  cent  for  shrinkage,  54.4  per  cent,  which  is  nearly  2  per 
cent  higher  than  the  beat  showing  of  the  winter-fed  calves  in  Parte  I 
and  II.  The  carcasses  were  good  ones  and  made  an  excellent  appear- 
ance when  hung  up  in  the  cooler. 

SDH1UR7. 

Table  SO.-^ummary  Statement. 

Coat  of  calvee  fall  of  1909 $3.50 

Average  weight  of  cftlvBH  Dec.  3, 1909 pounds..        386 

Average  daily  ratioD  from  Dec.  3,  1909,  to  Uar.  24, 1910: 

Cottonaeed  meal do 1.68 

Com  chop do 1. 39 

Cottonaeed  hulls do 8.49 

Mised  alfalfa  hay do 3.77 

Average  weight  of  calves  Mar.  24, 1911 do 512 

Avenge  daily  gain  djiring  the  winter  moQtlia do 1.  IS 

Cost  to  maka  100  pounds  increase  in  live  weight  during  the  winter  months.. .     $8.  63 

Cost  to  feed  each  calf  through  the  winter  months $10. 90 

Total  cost  of  calves  when  put  on  pasture  Uar.  24,1910 per  cwt. .  $4.  79+ 

Coet  to  make  lOO  pounds  increase  in  live  weight  on  pasture $4.84 

Each  ton  of  cottonseed  cftke  was  sold,  prices  of  other  feeds  being  fixed,  by 

means  of  .calves,  for $36.82 

Each  ton  of  alfalfa  hay  was  sold,  prices  of  other  feeds  being  fised,  by  means  of 

cBlve9,for $21,48 

SeUing  price  of  calves  on  farm,  after  3  per  cent  shrink per  cwt. .    $5.50 

Profit  on  each  calf $1.86 

1.  The  calves  used  in  this  work  were  of  a  good  grade.  They  were 
from  7  to  S  months  old  when  the  test  began. 

2.  They  were  fed  through  the  winter  of  1909-10  on  cottonseed 
meal,  com  chop,  cottonseed  hulls,  and  mixed  alfalfa  hay.  In  the 
spring  of  1910  the  calves  were  put  in  a  pasture  and  finished  for  the 
market  on  pasture,  cottonseed  cake,  and  alfalfa  hay. 

3.  During  the  winter  season  (Dec.  3,  1909  to  Mar.  24,  1910)  the 
calves  made  an  average  total  gain  of  126  pounds,  or  an  average 
daily  gain  of  1.13  pounds. 

4.  During  the  posture  season  (Mar.  25,  1910  to  June  22,  1910)  the 
calves  made  an  average  total  gain  of  119  pounds,  or  an  average 
daily  gain  of  1.33  pounds. 
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5.  During  the  winter  season  149  pounds  of  cottonseed  meal,  123 
pounds  of  com  chop,  764  pounds  of  hulls,  and  335  pounds  of  hay,  at 
a  total  cost  of  S8.63,  were  required  to  make  100  pounds  of  increase 
in  live  weight. 

6.  During  the  pasture  season  305  pounds  of  cottonseed  cake  and 
116  pounds  of  alfalfa  hay,  at  a  total  cost  of  S4.84,  were  required  t« 
make  100  pounds  of  increase  in  live  weight. 

7.  Kach  ton  of  cottonseed  cake  was  sold,  by  means  of  the  calves, 
for  S35.S2  when  the  other  feeds  were  valued  as  indicated  in  this 
bulletin. 

8.  Each  ton  of  alfalfa  hay  was  sold,  by  means  of  the  calvee,  for 
(21.48  when  the  other  feeds  were  valued  aa  indicated  in  this  bulletin. 

9.  Each  ton  of  cottonseed  meal  was  sold,  by  means  of  the  calves, 
for  $45.93  when  the  other  feeds  were  valued  as  indicated  in  this 
bulletin. 

10.  Each  ton  of  cottonseed  hulls  was  sold,  by  means  of  the  calves, 
for  S10.99  when  the  other  feeds  were  valued  as  indicated  in  this 
bulletin. 

11.  E^ach  bushel  of  com  chop  was  sold,  by  means  of  the  calves,  for 
$1.37  when  the  other  feeds  were  valued  as  indicated  in  this  bulletin. 
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IV.  GENERAL  STATEMENT. 

While  the  calves  in  Parts  I,  II,  and  III  of  this  bulletin  were  fattened 
in  different  ways  and  bj  different  methods,  all  were  raised  and  handled 
in  the  same  manner  up  to  the  time  of  being  placed  in  the  dry  lots. 
All  were  bom  during  the  spring  months  and  ran  with  their  mothers 
on  a  reasonably  good  pasture  during  their  first  summer;  they  ate 
nothing  but  mother's  milk  and  pasture  grasses  during  this  time. 
When  the  pasture  season  closed,  which  was  practically  December  1 
each  year,  the  calves  were  weaned,  dehorned,  the  males  castrated, 
and  all  placed  in  feed  lots  to  be  fattened.  At  this  time  the  different 
methods  as  previously  outlined  were  introduced.  In  Fart  I  the 
calves  were  ilivided  into  three  lots  and  fattened  upon  cottonseed 
meal,  com-and-cob  meal,  cottonseed  hulls,  and  alfalfa  hay,  for  the 
eariy  spring  market ;  in  Fart  II  the  calves  were  all  fed  in  the  same 
lot  and  finished  for  the  eariy  spring  market  on  cottonseed  meal,  cot- 
tonseed hulls,  and  pear-vine  hay ;  in  Fart  III  they  were  carried  through 
their  first  winter  on  a  ration  slightly  below  a  full  feed  and  f atte'ned 
the  following  stmmier  on  pasture  supplemented  by  cottonseed  cake 
and  alfalfa  hay. 

As  a  matter  of  fact,  the  winter  feeding  should  have  been  inaug- 
urated before  December  1,  as  the  calves  lost  some  of  their  calf  fat, 
due  to  short  pastures  and  decreased  milk  supply,  before  the  feeding 
periods  began.  In  farm  practice  it  would  be  wise  either  to  begin  the 
winter  feeding  by  November  1  or  to  have  an  oat  or  rye  pasture  for 
the  yoimg  animalB  to  graze  upon  after  the  permanent  pastures  are 
killed  by  frost. 

To  feed  calves  as  these  were  fed  it  is  best  to  have  them  bom  as 
early  as  possible  in  the  spring.  This  gives  them  an  opportunity  to 
attain  a  reasonable  size  and  age  by  the  time  they  are  ready  for  sale 
the  following  spring  or  early  summer.  The  southern  markets  prefer 
larger  carcasses  than  the  ones  obtained  from  these  calves.  In  some 
sections  of  the  country,  where  the  cowa  must  be  housed  during  the 
winter  months,  it  is  more  desirable  to  have  the  calves  come  in  the 
fall  of  the  year,  as  the  farmer  has  more  time  to  care  for  the  small 
animftlfl  during  the  winter  than  during  the  summer  months,  and  the 
calves  would  be  weaned  in  the  spring,  a  season  when  their  growth  is 
least  retarded.  In  the  South,  however,  where  range  conditions  still 
obtain,  to  have  the  calves  come  in  the  fall  would  involve  the  risk  of 
losing  both  the  mothera  fmd  the  offspring. 
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The  calves  in  Part  I  were  aold  March  17,  those  in  Part  II  March  29, 
while  those  in  Fart  III  were  fattened  on  pasture  during  the  latter 
part  of  the  feeding  period  and  not  disposed  of  until  June  22.  The 
calves  in  Parts  I  and  II  were  practicaUy  1  year  old  when  sold,  while 
those  in  Part  III  were  from  14  to  16  months  of  age  at  the  time  of 
slau^ter.  As  stated  in  the  introduction,  there  are  some  advan- 
tages in  selling  calves  at  an  early  age.  On  the  other  hand,  the 
farmer  experiences  difficulties  in  feeding  young  animals  which  are 
not  encountered  in  feeding  old  and  mature  animals.  In  the  first 
place,  it  would  seldom,  or  never,  pay  to  finish  a  poor  grade  of  young 
calves  for  the  market,  as  our  markets  sharply  discriminate  against 
young  animals  which  cany  a  predominance  of  Jersey  or  scrub  blood. 
In  the  second  place,  the  farmer  who  feeds  young  ftnim«.1a  of  any  kind 
must  be  a  careful  and  watchful  feeder.  An  old  animal  may  be  fed 
and  handled  carelessly  and  satisfactofy  results  still  be  obtained,  but 
not  so  with  the  young  animal.  A  single  instance  of  overfeeding 
may  so  derange  the  intestinal  tract  of  the  young  animal  that  further 
development  is  impossible. 

COnCLUSIORS. 

The  tests  in  this  bulletin  indicate  that  excellent  profits  may  be 
made  on  calves  when  they  are  fed  properly,  handled  carefully,  and 
sold  in  a  businesslike  way.  In  Part  I  a  clear  profit  of  (1.84,  S2.25, 
and  tl.48  was  realized  on  each  calf  in  their  respective  lots;  in  Part  II, 
where  nothing  was  fed  except  cottonseed  meal,  cottonseed  hulls,  and 
pea-vine  hay,  a  profit  of  $3.50  was  realized  on  each  aolmal;  and  in 
Part  III,  where  the  animals  were  fed  a  light  ration  of  grain  and  hay 
throughout  the  winter  months  and  finally  finished  on  pasture,  tl-86 
profit  was  realized  on  each  calf. 

The  reader  should  understand  that  these  different  experiments  are 
not  directly  comparable,  but  they  do,  in  a  general  way,  teach  us 
some  lessons.  The  difference  in  profits  between  the  calves  in  Parts 
I  and  II  was  due  largely  to  the  selling  price ;  those  in  Part  II  simply 
sold  to  greater  advantage.  This  difference  in  profits  in  favor  of  the 
calves  in  Part  II  was  not  due  to  the  fact  that  they  made  gains  mora 
economically  than  those  in  Part  I.  On  the  contraiy,  the  calves  in 
Part  I  made  100  pounds  of  gain  for  $6.22,  $6.19,  and  $6.83  in  the 
respective  lots,  while  the  same  gain  cost  $6.97  in  Part  II.  While  the 
calves  in  Part  II  were  a  cheaper  grade  than  those  in  Fart  I  (being 
valued  at  3  cents  a  pound  when  the  test  began,  while  those  in  Part 
I  were  valued  at  3  J  cents  a  pound),  still  they  sold  for  practically  the 
same  price  when  placed  on  the  market;  there  was  a  difference  of 
one-half  a  cent  a  pound  in  favor  of  the  calves  in  Part  II.  The  calves 
in  Part  I  were  sold  on  the  Cincinnati  market,  while  those  in  Part  II 
were  shipped  to  New  Orleans.    At  the  present  time,  and  in  fact  for 
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some  years  past,  both  cattle  and  hogs  bare  been  selling  for  better 
prices  on  the  soutbem  than  on  the  northern  markets. 

While  the  calves  in  Fart  III  sold  for  a  better  price  than  those  in 
the  other  (eets,  still  they  were  not  as  profitable  aa  some  of  the  others. 
The  selling  price  alone  does  not  determine  the  final  profit;  other 
factors  must  be  considered.  It  is  seen  that  the  winter  gains  in  this 
t€st  were  expensive,  costing  $8.63  to  make  100  pounds.  While  the 
cost  of  the  subsequent  pasture  gains  was  snudl  as  compared  to  the 
winter  gains,  they  were  not  sufficiently  chec^  to  overcome  the  pre- 
ceding high-priced  gains  and  thereby  make  a  profit  that  was  entirely 
satisfactory.  Notwithstanding  the  fact  that  a  profit  was  mode  on 
these  c&tves,  the  authors  are  of  the  opinion  that  a  greater  profit  would 
have  been  made  if  they  had  been  fod  more  liberally  during  the  winter 
months  and  sold  in  March  or  April  instead  of  in  June.  The  expensive 
winter  gains  were  due  to  the  fact  that  the  animals  were  held  below  a 
full  ration,  which  goes  to  show  that  the  nearer  the  feeder  approaches 
a  mere  maintenance  ration  the  more  expensive  will  he  the  gains.  If 
the  calves  had  been  given  a  full  feed,  or  ahnost  a  full  feed,  during  the 
winter  months,  their  gains  would  have  been  considerably  greater 
than  they  were,  and  at  the  same  time  more  economical.  The  test, 
however,  doee  illustrate  the  value  of  pastures  for  malcing  cheap  gains. 

SUMHART  or  CONCLUSIONS. 

This  experimental  work  is  being  continued,  but  at  the  present  time 
the  following  general  conclusions,  based  on  the  work  already  done, 
can  be  drawn: 

1 .  A  farmer  may  expect  to  obtain  a  reasonable  profit  on  beef  calves 
when  he  raises  and  fattens  them  on  his  farm  and  sells  them  when  they 
are  12  to  14  months  old.  That  is,  the  fanner  who  feeds  his  com  and 
hay  to  these  young  animals  can  realize  more  on  these  raw  farm  prod- 
ucts, when  sold  through  the  calves,  than  when  sold  aa  com  or  hay. 
At  the  same  time  a  laige  amount  of  manure  is  made  on  the  farm  to 
enrich  the  soil. 

2.  In  the  South,  at  least  in  Alabama  at  the  present  time,  the  calves 
should  be  bom  during  the  early  spring  months. 

3.  The  southern  feeder  has  the  choice  of  many  different  feeds  suit- 
able for  fattening  calves.  With  reference  to  the  feeds  reported  in 
this  bulletin  the  following  conclusions  are  warranted: 

(a)  When  fattening  calves  it  pays  to  feed  a  ration  made  up  of  ono- 
third  com-and-cob  meal  and  two-thirds  cottonseed  meal,  when  com 
is  valued  at  70  cents  a  bushel  and  meal  at  (26  a  ton. 

(b)  It  is  not  profitable  for  two-thirds  of  the  concentrated  part  of  the 
ration  to  be  composed  of  corn-and-cob  meal  when  the  feeds  are  valued 
as  above. 
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(c)  Young  colvea  can  be  finished  for  the  market  at  a  profit  on  cot- 
tonseed meal,  cottonseed  hulls,  and  pea-vine  hay,  but  it  is  more 
profitable  to  introduce  com-and-cob  meal  to  take  the  place  of  part 
of  the  cottonseed  meal. 

4.  When  shall  the  calves  be  sold  t  The  tests  seem  to  indicate  that 
it  is  more  profitable  to  feed  a  heavy  ration  and  sell  the  calves  at  the 
end  of  the  winter  months  when  prices  are  nonnally  high,  than  lo 
hold  them  until  the  early  summer  months.  Light  wint«r  feeding 
produces  expensive  gains.  Although  the  subsequent  pasture  gains 
are  made  much  more  cheaply  than  the  winter  gains,  they  are  not 
made  economically  enough  to  overcome  or  count«ract  the  preceding 
high-priced  slowly-made  winter  gains,  tc^ether  with  the  normal 
depreciation  in  the  value  of  cattle  from  March  or  April  to  June  or 
July. 
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LETTER  OF  TRANSMITTAL. 


United  States  Depabtmbnt  of  Aobicttltube, 

BoBEAU  or  AsQua,  Industbt, 
WaaUngUm,  D.  C,  March  ^,  191g. 
Sib:  I  have  the  honor  to  transniit  herewith,  and  to  reconuuend  for 
publication  in  the  bulletin  series  of  this  bureau,  a  juanuacript  entitled 
"The  Normal  Composition  of  American  Creamery  Butter,"  by  Messrs. 
S.  C.  Thompson,  R.  H.  Shaw,  and  R.  P.  Norton,  of  the  Dairy  Diviraon. 
The  production  of  creamery  butter  has  reached  vast  commercial  pro- 
portions, and  different  standards  are  in  force  in  the  various  States  for 
the  regulation  of  its  quality  and  chemical  compontion.  Much  anfr- 
lyticat  work  has  already  been  published  on  the  composition  of  butter, 
but  most  of  it  is  lacking  in  certain  essential  details,  with  the  result 
that  httle  definite  information  regarding  the  normal  composition  of 
American  creamery  butter  as  now  manufactured  ia  available.  A 
comprehensive  study  of  the  subject  was  imdertaken  by  the  Dairy 
Division,  and  this  paper  records  complete  analytical  details  of  some 
700  samples  of  creamery  butter  derived  from  14  States.  This  work 
was  done  xmder  the  direction  of  Mr.  B.  H.  Rawl,  chief  of  the  Dwry 
Division. 

Respectfully,  A.  D-  Mbltin, 

Chief  of  Burea/a. 
Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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THE  NORMAL  COMPOSITION  OF  AMERICAN 
CREAMERY  BUTTER. 


INTRODUCTION. 

During  recent  years  the  composition  of  butter,  from  a  quantitatiTe 
point  of  view,  has  been  a  subject  of  considerable  interest.  Reports 
of  thousands  of  analyses  for  water  and  other  constituents  have 
appeared  in  various  publicationa  from  time  to  time,  but  data  showing 
the  compositioD  of  normal  American  creamery  butter  and  the  con- 
ditions under  which  such  butter  is  made  are  not  plentiful.  Henos 
it  has  been  deemed  advisable  to  moke  a  comprehensive  study  of  the 
subject. 

The  purpose  of  this  bulletin  is  to  present  in  a  variety  of  ways  the 
results  of  the  chemical  analyses  of  American  creamery  butter  co^ 
lected,  during  a  period  of  one  year,  from  a  large  number  of  repre- 
sentative creameries  throughout  the  principal  dairy  districts  of  the 
United  States,  and  to  include  a  record  of  the  conditions  under  which 
the  butter  was  made. 

The  authors  acknowledge  the  assistance  and  cooperation  of  the 
dairy  and  food  departments  of  the  various  States  mentioned  in  this 
bulletin,  all  of  which  rendered  valuable  aid  in  seouring  samples  of 
butter. 

PREVIOUS  INVESTIGATIONS. 

There  is  no  lack  of  published  data  on  the  composition  of  American 
creamery  butter,  but  such  data  represent,  very  largely,  analyses  mode 
on  miscellaneous  samples,  the  sources  of  which  are  more  or  less 
obscure  and  the  churning  conditions  unknown.  Nothing  would  be 
gained  by  reviewing  the  mass  of  analyses,  the  great  majority  of  which 
concern  the  moisture  content  alone,  or  were  made  in  connection  with 
investigations  on  other  subjects.  A  brief  review  of  some  of  the 
principal  investigations  follow: 

The  most  recent  and  perhaps  the  most  extended  work  on  the  com- 
position of  American  creamery  butter  was  made  by  Lee  and  Bam- 
hart,  of  the  Illinois  Experiment  Station,  in  1909,  and  published  as 
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Bulletin  139  of  that  etation.  They  analyzed  butter  made  in  seTaral 
States  and  purchased  on  the  open  market  at  Chicago,  Elgin,  and 
Aurora.  Their  work  extended  over  a  year.  The  maia  pointa  in  their 
summary  are  here  quoted: 

Average  compodtioa  of  674  samplefl  of  market  butter  collected  for  a  period  of  one 
yeftr,  b^inmng  March,  1907,  wb«:  Water,  13M;  ht,  83.20;  mit,  2.25;  and  casein  and 
aeh,  0.90  per  cent. 

There  was  no  diSerence  in  the  composition  of  butter  caused  by  tha  season  of  ihe 
year,  the  State  where  it  was  made,  of  the  dealer  b^  whom  it  was  handled. 

Average  compodtion  of  60  samplea  of  "convention  butter"  was:  Water,  12.54;  bt. 
&1.65;  mlt,  1.77;  and  casein  aikd  ash,  1.02  per  cent. 

The  Dairy  Division  published  in  1902,  as  circular  39  of  the  Bureau 
of  Animal  Industry,  United  States  Department  of  Agriculture,  the 
average  water  content  of  802  samples  of  creamery  butter,  from  400 
different  creameries  located  in  18  States,  The  average  water  content 
was  11.78  per  cent. 

C.  W.  Fryhofer,  of  the  Dairy  Division,  analyzed  butter  purchased 
on  the  Kew  York  market  during  1907.  This  work  has  hitherto  been 
unpublished,  and  the  results  are  as  indicated  in  the  following  table: 


Analyti$  o/butur  pure}uutd<m  th£  Neui  Fori  marfei  is 

11907. 

CanteDbi. 

ajmija 

pan:. 

H»h> 

170 

113 
IW 

a.  IS 

.H 

The  Massachusetts  Experiment  Station  Report  for  1892  ^ves  the 
following  average  analysis  of  25  samples  of  butter:  Fat,  83.95;  salt, 
4.74;  curd,  0.66  per  cent  (water  not  given). 

Iowa  Experiment  Station  Bulletin  80  gives  the  following  average 
analysis  of  224  samples  of  butter  (State  educational  contest) :  Fat, 
83.91;  water,  12.87;  salt  and  ash,  1.98;  curd,  1.23  per  cent. 

THE   BXPBRIMBNTAL  WORK. 

AREA    COVERED. 

The  area  covered  in  this  investigation  embraces  14  States,  namely, 
California,  Iowa,  Kansas,  Mune,  Michigan,  Minnesota,  Montana, 
New  York,  North  Dakota,  Oklahoma,  Pennsylvania,  South  Dakota, 
Texas,  and  Wisconsin.  The  samples  were  taken  during  a  period  of 
one  year  from  488  creameries,  and  the  total  number  which  reached 
the  laboratory  in  good  condition  for  analysis  was  695. 
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U£THOp   OF   SAUPONG. 


The  samples  in  all  cases  were  collected  by  Federal  and  State  officials 
who  appreciated  the  necessity  of  proper  Bampling.  The  following 
instructions  were  given  each  official : 

Tlie  samplee  may  be  taken  with  a  bier  or  by  stripping  a  tub  and  cutting  a  V-shaped 
wedge  from  top  to  bottom  of  tub.  The  sample  should  be  laige  enough,  to  about  fill  the 
can.  A  sharp  kniCe  is  satisfactory  for  cutting  out  the  butt«r,  which  may  be  put  into 
the  can  piece  by  piece  until  the  can  is  about  full.  The  cover  should  be  premed  on 
tight,  the  can  placed  ia  the  mailing  tube,  and  mailed  to  the  Dairy  Division. 

Be  sure  to  note  the  number  on  sticker  pasted  on  tbe  can  and  mark  the  same  number 
on  Qie  detailed  report  of  manufacture.  Tfaeee  should  be  filled  out  for  one  day  as  fully 
■a  possible  and  returned  to  us.  This  work  may  have  an  important  value  on  Uie  future 
standard  for  buttertat  in  butter,  and  we  requeet  caution  in  every  particular.  If  the 
■ample  of  butter  it  not  taken  from  the  tub  it  may  be  taken  from  the  chum  aftw  the 
butter  is  worked  and  ready  to  pack.  The  surface  of  the  butt«r  should  be  stroked  with 
ft  ladle  to  remove  free  moisture  appearing  on  the  surface  and  then  take  about  10  samples 
from  different  parts  of  llie  chum,  which  put  directly  into  the  can.  If  the  sample  is 
to  be  taken  from  the  print,  cut  off  from  one  end  enough  to  fill  can. 

The  samples  were  placed  in  half-pound  friction-top  cans,  which  were 
inclosed  in  muling  tubes  and  seat  to  Washington.  With  the  excep- 
tion of  a  few,  which  were  discarded,  the  samples  were  received  in  good 
condition. 

A  number  of  samples  were  taken  from  the  creameries  making  and 
packing  butter  for  the  United  States  Navy.  These  are  considered 
separately,  since  the  butter  was  made  under  contract  specifying  the 
quantity  of  salt  and  water  permitted. 

METHOD  OF  ANALT8IS. 

The  samples  were  mbced  by  placing  them,  while  still  in  the  cans, 
either  in  warm  water  or  on  the  steam  bath  and  stirring  until  the  mass 
■was  of  the  consistency  of  thick  cream.  In  this  condition — that  is, 
when  the  butter  is  not  soUd  and  yet  not  Uquid  enough  to  pour — it  can 
be  thoroughly  mixed.  The  charges,  in  dupUcate,  were  taken  after 
mixing  in  this  manner. 

The  fat,  water,  and  curd  ^  wfere  determined  according  to  the  official 
method  aa  described  in  Bulletin  107  (revised)  of  the  Bureau  of  Chem- 
istry, United  States  Department  of  Agriculture. 

The  salt  was  determined  by  the  hitherto  unpublished  method 
devised  by  C.  E.  Gray,  formerly  chemist  in  the  Dairy  Division,  the 
details  of  which  are  as  follows: 

Volumetric  flasks  of  260  □.  c.  capacity  are  used,  which  are  provided  with  a  second 
mark  representing  the  volume  of  250  c.  c.  plus  the  volume  occupied  by  the  bt  in  5 
grama  of  average  butter  at  about  S0°  C.  Five  grama  of  the  butler  to  be  tested  are 
weired  intoaamall  beaker  and  washed  with  hot  water  into  the  volumetric  flask.  The 
flask  and  contents  are  then  vigorooaly  riiakeu  and  hot  water  added  until  the  upper 

I  Th«  term  "cnrd  "  u  uied  la  tUi  bollstln  Inaladn  the  ub  and  laOtOM. 
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layer  ia  conmderably  above  the  Mcmtd  mark.  The  Smak  is  then  allowed  to  Btand  until 
llie  (at  haa  riMn  into  the  neck  and  the  upper  layer  Kttled  to  the  upper  mark,  cauaed, 
of  coune,  by  contnctkm  on  the  cooling  of  tfa«  liquid.  At  this  point  a  50  c.  c.  pipette 
iathiTut  into  the  flask  and  aliqnots  repreaenting  1  gram  quickly  removed.  The  fat 
is  prevented  from  entering  the  pipette  by  holding  a  finger  over  ila  mouth  untO  the 
point  ia  well  below  the  fat  layer.  After  cooling,  the  aliquota  are  titiated  in  the  tisoal 
mann^  with  a  atandard  ailver  nitrate  solution,  using  potaaraum  chiomat«  as  indicator. 

This  method  has  been  found  to  compare  very  favorably  with  the 
official  method  in  accuracy  and  has  the  advantage  of  bung  much 
more  rapid. 

RESULTS  OP  THE  ANALYSES. 

A  general  table,  which  contains  the  original  data  of  all  the  samples 
having  practically  complete  chum  records,  is  shown  as  Table  I  of 
the  Appendix  at  the  end  of  this  paper.  This  table  gives  the  samples 
by  number,  with  the  chemical  composition  and  churning  record  of 
each.  The  following  30  tables  have  been  constructed  &om  the  origi> 
nal  data  to  faciUtate  study  and  show  some  of  the  comparisons  that 
may  be  made. 

Tables  1  to  12,  inclusive,  show  averages  of  all  samples  in  the  abro- 
gate. Tables  13  to  24,  inclusive,  have  been  compiled  to  show  the 
average  composition  of  butter  from  those  States  where  the  bulk  of 
the  samples  originated.  Tables  25  to  2S,  inclusive,  give  the  chemical 
composition  and  churning  record  of  those  samples  showing  extremes 
in  the  various  constituents.  Tables  2d  and  30  record  the  analysis  of 
34  samples  of  Navy  butter. 

aENBBAL  ATEKAOES. 

The  first  series  of  tables,  Noa.  1  to  12,  show  the  average  composifioii 
of  all  the  samples;  the  average  composition  by  classes,  seasons,  as}d 
size  of  granules;  the  temperature  of  churning  and  of  wash  water  by 
seasons;  the  test  of  buttermilk  by  seasons;  the  relation  between  the 
fat  and  moisture  contents;  and  various  phases  of  the  churning  condi- 
tions. 


Table 

.—Average  aympotilion  of  all  Kimplet  u»ed  in 

N<imbciD(«ipI«.< 

Fit 

WMw. 

Salt 

Cord. 

82.41 

FttaiU. 
13.  M> 

P(f«iK. 

PtrrtM. 

The  samples  having  complete  chum  records  were  divided  into  three 
classes:  (1)  Those  having  84  per  cent  of  fat  and  over,  {2)  those  having 
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less  than  81  per  cent,  and  (3)  those  having  81  to  84  per  cent  of  fat. 
The  average  composition  of  the  three  classes  is  given  helow: 

Table  i.—Avtrage  etimpotitum  of  the  hUUr  hy  ctasaet. 


0^. 

Number 

„. 

W^. 

Bait, 

Curd. 

m 

130 

m 

Pit  ant. 

M.78 

8Z.fiS 

IX  8S 

Faeaa. 

1.TB 

in 

"Vi. 

5.01 

2.97 

1.74 

Table  3. — Average  eompotUion  of  tht  butter  rnxording  ti 


SoMn. 

Fat. 

Water. 

salt. 

0«. 

Percent. 
S2.4S 
82.  S3 

FtratU. 

Per  am. 
2.40 
2.43 

a 

ftTBnl. 

Virtathm 

.81 

.M 

.1. 

■" 

;e  ofgnmuUi  vihtn  churning 


Sbeorenmofet. 

NmntET 

Fit. 

WMer. 

BaK. 

Cmd. 

loe 

'11 

"l3,M 

2.4t 
2.80 

'■"T^ 

.77 

.H 

.34 

Tablb  5.— .ilveroje  onrf  range  of  tempa-aiure  of  Auming  according  to  teatona  in  which 
tampltt  were  taken. 


ATengB.    Highest,    IjOinat, 


Jauaarr,  Fabroaf;,  Uanh 

AnrU.  luy,  Jmie 

Job,  Anmkt,  Beptember 

OctDbei,  Norembai,  December... 


Table  5.~Tai  0/  IntiUnjtilk  actor^ng  to  mow 

n>  tn  icAicft  »ampU 

»  were  taken. 

»».. 

Arnragp. 

Highest. 

Low»t. 

.13 

Ptretnl. 
1,90 

/■wcnrt. 

.17 

12  coHPoainoN  of  albican  cbbambbt  butteb. 


April,  Mas,  i<lr 
Jmy,  Augiiat,  SopMnl 
Ocufaec,  ciovemMr,  £ 


•implM. 

mm. 

Law. 

AW,^ 

4.» 

HMdOTOT.. 

73. « 

78.70 

W«tM 

«.plei. 

HIjh. 

Lo*. 

Annce. 

U 

11.01 

Table  10. — Chtiming  ctmdilion*  of  all  i 

Avenge    fat    coaUnt    of    cream 
churned percent..  28.04 

Average  acidity  of  cream  churned, 
percent 61 

Churning  temperatures: 

Bigheet "F. .    63 

Loweat "P..    « 

Average °F. .    67. 1 

Length  of  time  churned: 

Highent minutes..  120 

Lowest do 10 

Average do 46. 1 

Size  of  granules : 

Small Mmplea..        60 

Uedium do SO 

Luge do 13 

Not  given do I 

124 


mpUt  amiaining  S4  ptr  ctnt/at  or  more. 

Temperature  of  wash  water: 

Highest "F..        68 

Lowest "F..        43 

Average "F.,       67 

Revolutiona  in  wash  water: 

Highest 50 

Lowest 2 

Average 11.6 

Revolutions  in  wash  water  (roUen 
in  gear),  11  eamplee: 

Hi^ieat 25 

Lowest 2 

Number  of  revolutions  wwked: 

Highest 120 

Lowest 9 

Avwage 2(^8 
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Table  11. — CksaiuTtg  conditumi  of  aU  mtmpUi  eonlainm^  Itti  Sum  61  pereent/at. 


Average    fat    content    of    cieam 

cbunied percent..  : 

Average  acidity  of  cfeam  chuned, 


Churaing  temperBtures: 


Loweat "F.- 

Average 'F.. 

Length  of  time  churned: 

Eigheflt minutM. . 

LowMt do 

Average do 

Size  of  granules: 

Small aamplee.. 

Medium do 

Large do 

Not  given do 


Temperature  of  vaah  water: 

Higheet "F..        68 

Lowest..... "F..        48 

Average...: "F..        67 

Bevolutions  in  wash  water: 

Highest 82 

Loweat 2 

Average 19.4 

Revolutions  in  waeh  water  (roUera 
in  gear),  32  samples: 

Highest 16 

Lowest 2 

Number  of  revolutions  worked: 

Higheet 105 

Loweet 3 

Average 21.1 


(30  aamplea  showed  16  per  cent  or  more  of  water.) 

Tabli  12. — Chvrning  avtraget  o/iampUi  having  SI  to  84  per  cent  o/Jat. 


Fat  test  of  cream  churned, 
per  cent 28. 01 

Acidity  of  cream  churned, 
per  cent 63B 

Time  churned,  minutes 45.  B 

Temperature  at  which  churned, 


Granules  of  butter: 

Small 

Medium 


Gnmules  of  butter— Continued, 

Lwge 

Not  given 


370 

Temperature  of  wash  water.  ..°F..     57.3 

Revolutions  in  wash  water 14. 2 

Revolutions  in  wash  water  (rollers 

in  gear,  59eamplee) 10.  S 

Number  of  revolutions  worked 19.94 


AV&BAOES    BT   STATES. 

Tables  13  to  24,  next  following,  show  the  average  composition  of 
creamery  butter  secured  in  this  investigation  in  a  number  of  Belect«d 
States,  namely,  Minnesota,  Wisconsin,  Iowa,  California,  Pennsylva- 
nia, North  Dakota,  Texas,  and  Michigan. 

HINNBSOTA.  ^ 

Table  13.—Rtmluo/ttnalyte*qfXtSt<mpU$frtimtJieSlaU. 


T»t. 

W»l». 

Ssll. 

Cnixl. 

^ 

Pireml. 

Ptrcaa. 

Pa  can. 

Pit  cent. 

SI.  St 

17. 3» 

10.  la 

.sa 

■^ 

9.  as 

7.20 

4.W 

Nora.— Tho  "hbrheit"  tnd  "Imnrt"  to  tb«  »boTf 
In  ill  Uw  aamplw;  that  li,  Ihii  hlghnt  b(  pamanlasi  ti 
DOtDMnMiUr  oonirfai  lbs  mdm  nmpto. 
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Numbs 

Hnmbet 

Bunph». 

""■** 

■unite. 

, 

Patau. 

s 

'"T 

^ 

£r^ 

, 

Pacnt. 

3T 

W 

11 

3 

.d 

m 

123 

22a 

223 

■ 

Note.— iDtbskbovB  tabla  and  similar  tabkathkt  laVm  tbe  per  nentflTNi  lodudes  all  traotlooi^tatln 
iMxt  per  cent  glTan.   Thin,  TT  per  OBnt  Includes  all  Iractlani  up  to  TT.M  per  ant. 

WISCONSIN. 

Table  15. — Rtiviuo/analj/iao/117  tampleifnim  thtStau. 


Percentage. 

Fat. 

W.t«. 

Bait. 

Ciir<J. 

Pfreeitf. 
©.« 

SS.7S 

TS.SS 

firoMl. 

Pit  CM. 

Pmam. 

I&23 

10.  £1 

11.07 

7.71 

4.K 

Numbs 

Number 

Nomber 

■ampte. 

•ampla. 

Mt. 

J.. 

Curd. 

S 

!i 

117 

117 

117 

117 
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IOWA. 
Table  17. —Itetulu  o/oTUilyiea  o/ ISl  tampUt from  the SuiU. 


PerMntag*. 

FM. 

www. 

Salt. 

Curd. 

FvaM. 

Ptrcni. 

FireaU. 

Pa  teat. 

s&os 

w-n 

.M 

ICfff 

7.sa 

fi.oa 

Tablb  18. — Number  o/  mtmpUt  havina  fixed  perpentagei  qf  eadi  amttituent,  graduated 
from  unrat  to  highat. 


X 

FM. 

Numbn 

Water. 

3^ 

Skit. 

°S 

Curd. 

e 

M 
18 

79 

J? 

83 

1 

1 

i 

3 

13 
t 

IS 

« 

7 

18 

PirtnU. 
Betowl 

5 

M 

» 

Per  WW. 
.60 

:!! 

.n 

-DO 
3.26 

Ul 

m 

131 

131 

CALIFOBNIA. 
Table  l9.^Retuluofanalytao/95$amplei/TomthtStaU. 


Fst. 

W»tar. 

Silt. 

Curd. 

Ftrcnt. 

92.13 

14. 1» 

'■"a 

""rni 

73. « 
13.  «1 

mw 

4.23 

D.W 

Tablk  20. — Numhtr  of  tianpla  having  fixtd  pereenwgtt  of  etuA 
from  loweit  to  kigheil. 


Mntpte. 

nmpta. 

nnplo. 

.».ptai. 

Ptrenl 

p««»i 

1 

81 

1 

1 

i 

Is 

M 

H 

» 

fiS 

... 
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PENN8TI-VANIA'. 
Table  21. — RetuU*  of  atudyte*  of  S7  tamplet from  the  State. 


PoontK*.                                            1     FM. 

WMw.  1     8A.          Cord. 

\paeml. 

/•««,.   P«««.    P^-t. 

ie.gsl       b.7i 
n.n[       i.M 

.B 

VmUUco 1      r.M 

&is|       3.Be 

1.20 

KOBTH  DAKOTA. 

^Raulu  of  analyut  of  17  ttanplafTom  the  Stale. 


F.t 

Bait. 

CunL 

I'-S- 

PatrtU. 

Pireal. 

!atts 

4.2V 
1. 41 

478 

'" 

TEXAS. 

—Retulu  of  analyses  of  IS  tampletfrom  the  Slate. 


Ptraeataes. 

F>t. 

mt«. 

Salt. 

Ct^d. 

Pftcml- 

/•«««- 

Per  cat. 

2.15 

Pwa«f. 

«:« 

20.23 
11.  M 

3.83 

l.OJ 

S.l« 

2L80 

MICHIOAK. 
Tablb  24. — RuultMitf  analyu*  of  10  mzmplea from  the  State. 


P«caita««. 

FU. 

Wstar. 

Bait,    j    Cad. 

Pirtrnt. 

PcrcciU. 

Per^.\p^«nL 

7^S 

13. » 

1.41 

7.68 

I.W 

4.Ea 
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The  results  in  Tables  14,  16,  and  18,  which  concern  the  States  of 
Minnesota,  Wisconsio,  and  Iowa,  are  aliown  graphically  in  compara- 
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tive  form  in  figures  1  to  4.     There  is  tliis  difference,  however,  that 
whereas  the  tables  give  only  the  number  of  samples  for  each  givea  per- 
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centre  of  the  various  constituents  of  the  butter,  the  diagrams  show 
percentf^es  of  both  samples  and  constituents.  In  addition  there  is 
added,  for  further  comparison,  a  curve  representing  tlie  percentages 
of  all  the  samples  in  this  investigation. 

DETAn^   OF  SOKE   EXTREME  SAMPLES. 
In  the  succeeding  four  tables,  Nos.  25  to  28,  are  found  details  of  the 
samples,  which  gave,  respectively,  the  highest  fat  and  lowest  water 
record,  the  highest  water  and  lowest  fat  record,  the  lowest  ctird 
record,  and  the  highest  curd  record. 

P£f?  C£A/r  O^  SMT  /fi/St/7T£^ 


Tablb  25. — Ctm-potUion  and  chuminy  reeord  o/  tample  No.  SOS,  vihieh  hat  the  kighal 

/at  and  lovittt  water  content  fowid  tn  tht  invatigation. 

Analysis:  BuUer&t  S7.39,  water  10.13,  salt  1.76,  curd  0.73;  total,  100  per  cent. 


CHcoNiNa  HBcoaD. 


Butter  made pounds. . 

Ripening  temparatun "F. . 

■When  cooled 5.30j 

Temperature  when  ready  to  chum, 


Length  of  time  churning min..        4E 

Sise  of  gianulea Medium  fine. 

Chum  cover  closed  tight  while  working  ths  butter. 


Temperature  of  buttermilk. . .  "F. .        5S 

Amountof  wash  water gals..      100 

Revolutiona  in  wash  water 6 

{toilers  in  or  out  ot  gear On(. 

ff  umber  of  revolutions  worked 22 

Kind  of  chum  used VictorF, 
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Pia.  4.— t>li(nm  ahoniiif 
Table 

AmlyaU:  Buttei^t  73.49,  water 


•Compotition  oTtd  cAumtnjr  record  of  tampU  No.  784,  which  hat  the  higheat 
lealrr  and  lowat  fal  content  found  in  the  inveitigatum. 

0.6S,  (alt  S.14,  curd  0.72;  total  100  per  cent. 


8iz«  of  gnuiulee 'n'heat. 

Test  of  buttermilk percent..  0.54 

Temperature  of  wash  water.  ..°F..  64 
Amount  of   wash    water:    Ist,  aa 
much  Bfl  cream;  2d,  one-third  aa 

Revolutions  in  wash  water 4 

Boilers  in  or  out  of  gear In. 

Length  of  time  worked min. .  6 


Pounds  of  cream 1,800 

Test  of  cream per  cent, .        30 

Founds  of  butter  made 600 

FaeteuriziDg  temperature.  ,°r..  160-185 

Ripeaing  temperature °F..        48 

^lien  cooled Alloight. 

Temperature  when  ready  to  chum, 

"P N> 

Kind  of  churn  used. S. 

I.«ngtli  of  time  churning min. .        SO 

Chncn  cover  closed  tight  while  working  the  butter. 


tyGooj^lc 


20  C6tCP68m0tf  09  AMBBICAM  CBBAlfBBT  BITTTBB. 

Tablb  27. — OnnpottfKnt  and  diurnmg  noord  of  tampU  No.  417,  vrhich  hat  lit  Itneetl 


Analysia:  Butterfbt  S4.G2,  water  13.60,  adt  1.66,  curd  0.12;  total  100  pex  cent. 


CHUBNINO   KBCOBD. 


Pounds  of  cream 1,313 

Poimda  of  fat  in  cream 360 

Pounds  of  fauthir  mad« 430 

Per  cent  of  fat  in  cream 27. 4 

Pasteurization  lemperatuie. . .  °F. .       ISO 

Ripening  temperature °F..        ft5 

IMien  cooled 2  lo  6.30 

TempeAture  when  ready  to  chum, 

"F 59 

Kind  of  cfaum  ueed D.  No.  4. 

Length  of  time  chunung min. .        25 

Chum  covt«  cloeed  tight  whfle  working  the  butter. 

Table  28. — ComponCton  and  dniming  reeord  of  aampU  No.  SS^,  uAicA  Aot  tht  lagkat 
curd  amlenl  fmmd  in  the  invaligation. 

Analyde:  Butterbt  81.21,  water  13.85,  Mlt  1.52,  curd  3.42;  total  100  per  cent. 

CHURN  DfO  BECosn. 


Size  of  granules Navy  beans. 

Temperature  of  buttermilk. .  ."P. .  60 

Test  of  bnttennilk per  cent, .  0. 8 

Temperature  of  wash  water. .  ."F. .  55 
Amount  of  wash  water:  Same  as 
buttermilk. 

Revolutions  in  wa^  water 12 

Rollers  in  or  out  of  gear Out. 

Length  of  time  worked min..  2] 

Number  of  revolutions  worked 18 


.  .per  cent. . 


Pounds  of  creai 
Test  of  cream. 
Pounds  of  fat  ii 

Pounds  of  butter  made ' 

Ripening  temperature "¥.. 

Acidity    when    ready    to    chum, 

per  cent 

Tranperature  when  ready  to  chum, 

"F 

Kind  of  churn  used D. ! 


Length  of  time  churning min. .        40 

Size  of  gnnulee Wheat. 

Temperature  of  buttermilk. . 

Test  of  buttermilk per  cent. 

Temperature  of  wash  water ' 

Amount  of  wash  water gi 

Revolutions  in  wash  water 

Rollera  in  or  out  of  gear 

Length  of  time  worked  . .  .mis 
Number  of  revolutions  worked 


Chum  cover  closed  ti^t  while  working  the  butter. 
NAVY  BUTTER. 

N&vy  butter,  in  this  article,  has  reference  to  the  creamery  butter 
made  and  packed  for  the  Navy  Departmeat  under  the  miperriaion 
of  the  Dairy  Division,  under  contract  to  conform  to  specifications 
prepared  by  the  division. 

The  specifications  affecting  (he  composition  of  the  butter  read  as 
follows: 

£ulf«r.— Shall  be  fresh  butter  made  during  such  period  of  00  days  to  be  stated 
in  proposal  after  April  15,  1910,  and  before  August  15,  1910,  as  shall  be  most  euiteble 
fw  butter  making  in  the  locality  of  the  creamery  where  it  is  to  be  made,  from  pasteur- 
ised milk  or  cream,  none  of  which  shall  contain  before  pasteurization  more  arid  in 
SO  c.  c.  than  will  be  neutralized  by  IS  c.  c.  or  13  c.  c.  of  N/10  alkali  solution,  as  deter- 
mined by  Mann's  acid  test,  lot  butter  scoring  94  and  95,  respectively. 


■  Om  i^y'i  msks,  nTSial  chmiSici. 
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QuoItQr. — ShftU  be  etrictl;^  of  the  gtsde  of  creamery  eztzas  and  miut  scots  not  leae 
than  94  and  95,  respectively,  at  the  time  of  packing. 

Compotition.—MoiAoxe  in  the  butter  muBt  not  exceed  13  per  cent,  ^ere  miut 
be  no  preservative  used  other  than  common  salt,  and  that  shall  be  at  a  rkte  giving  not 
lefls  than  2)  per  cent  or  more  than  31  per  cent  salt  in  the  butter  at  time  of  packing. 

/Tupeefion. — The  ingredients,  manufacture,  sanitation,  packing,  boxing,  marking, 
and  diipping  of  the  butter  shall  be  subject  to  inspection  by  Government  inspectora, 
who  shall  have  full  authority  to  reject  any  lot  of  milk,  cream,  <x  the  finidked  butter, 
or  any  other  requirement  which  does  not  conform  in  every  respect  to  these  speci- 
fications. 

7V(((. — The  Govranment  inspector  shall  make  all  the  necescwy  tests  to  determine 
that  the  acid  in  the  milk  or  cream  and  the  salt  and  moisture  contents  in  the  butter 
are  within  the  limits  specified. 

The  samples  of  'NtLvy  butter  analyzed  in  this  inrestigation  gave 
the  foUowiBg  results* 

Table  ^d.^Compotitionof  S^tampUtof  NavylnUter. 
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Tablb  3 


—ChwmiTtg  amdUion*  o/iampUt  of  Navy  butter. 


Average  ht  content  of  creiam 
churned percent..  3 

Average  acidity  of  cream 
churned percent.. 

Churning  temperatures: 


Lowest 

Average 

Length  of  time  churned: 

Hi^eet 

Lowest do 

Average do 

Sixe  of  granules: 

Small samples.. 

Medium do 

Large do 


Tempenture  of  wa^  water: 

Hi^eot "F.. 

Lowest "P.. 

Avemge °P. . 

Revolutions  in  wash  water  (rollers 
out  of  gear) : 

Higheet 

Lowest 

Revolutions  butter  was  worked: 

Highest 

Lowest 

Average 
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The  detailed  analyees  of  all  the  eamplee  in  this  investigation  are  given  in  tht  m 
foIIowJDg  tables.  Table  I  records  the  general  tamplea,  and  Table  II  the  mnpleEoi 
Navy  butt«r. 

Table  I. — DelaiUii  analgtet  of  tampUt  qf  American  creamery  buUer. 
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Table  J.— Detailed  anab/te»  oftamplti  o/  Amtriean  ertanurg  bufbr— CoDtmued. 
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mplM  o/Anurican  enanuiy  biUter — Continned. 
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Table  l.—Doailed analyte*  of  tamplet  of  Amtr 
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TablrI.— Delmttdanalyta  of  tmnplet  of  American  iTfamtrybtUttr^-Coatmued. 
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Tablb  I. — Ptiailtd  anaiyHi  ofmmpla  of  Amerieati  ertatiury  butUr — Continued. 
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Table  II.— Detotbdonalytei  o/MinpIcto/ Mivy  butftr. 
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Cooperative  wwk  on  the  factors  ctmcemed  in  the  ripening  of 
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Wis.,  between  (he  Dairy  Dirisitm  and  the  Wisconsin  Experiment 
Station,  and  this  bulletin  is  one  of  a  series  in  which  the  results  of 
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Bu^mell,  now  with  the  Kansas  Agricultural  Experiment  StaticMi, 
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THE  BACTERIOLOGY  OF  CHEDDAR  CHEESE. 


rNTRODUCTION. 

The  r6Ie  of  microorganisms  in  the  preparation  and  riponiog  of 
the  various  kinds  of  cheese  is  a  problem  that  has  attracted  the  at- 
tention of  bacteriologists  since  the  beginning  of  the  science  and  since 
the  establishment  of  the  impcH^ance  of  microorganisms  in  all  de- 
composition processes.  Fr(xn  the  same  raw  materials — cow's  milk, 
salt,  and  rennet,  which  is  an  extract  of  the  fourth  stomach  of  the 
young  calf — a  great  number  of  varieties  of  cheese  are  prepared. 
These  cheeses  differ  not  only  in  texture,  but  more  especially  in  flavor 
And  aroma.  From  what  is  known  of  the  importance  of  microorgan- 
isms in  the  preparation  of  the  products  of  the  fermentation  indus- 
tries it  is  evident  to  one  who  gives  consideration  to  the  question  that 
undoubtedly  microorganisms  are  as  essential  in  the  making  of  cheese  - 
as  they  are  known  to  be  in  the  preparation  of  wine,  beer,  and  other 
products. 

In  the  matdiig  of  wine  ftnd  beer  the  desired  changes  are  produced 
by  a  single  form  of  life,  the  true  yeasts,  and  in  the  preparaticMi  of 
any  desired  type  of  product  attention  need  only  be  directed  as  far 
as  the  causal  organism  is  concerned  in  order  to  insure  the  presence 
of  the  particular  variety  of  yeast  that  has  been  found  by  experience 
to  form  a  product  that  has  the  desired  properties  as  well  as  to 
insure  the  absence  of  harmful  forms.  In  the  preparation  of  still 
other  products  of  the  fermentation  industries  not  only  a  single  form 
of  life  is  essential  to  produce  the  desired  changes,  but  two  or  more 
are  needed,  one  of  which  may  work  on  a  certain  constituent  of  the 
raw  material,  the  other  on  another,  or  the  one  may  serve  to  make 
conditions  favorable  for  the  growth  of  the  second,  usuaUy  by  the 
preparati(Hi  of  suitable  food. 

It  is  evident  that  as  the  number  of  kinds  of  microorganiOTOs  that 
are  needed  to  produce  the  desired  changes  in  any  product  increases, 
the  complexity  of  the  problem  of  demonstrating  the  role  of  each 
of  them  is  also  greatly  increased,  and  it  may  become  most  difficult  to 
prove  even  whether  any  particular  oi^nism  is  absolutely  essential 
in  the  preparation  of  the  product,  to  say  nothing  of  demonstrating 
its  exact  role.    It  is  not  to  be  supposed  that  a  single  form  of  life  is 
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responsible  for  the  complex  chemical  changes  that  occur  in  the  ripen- 
ing of  any  particular  variety  of  cheeee,  but  rather  that  a  ctmsiderable 
number  will  be  involved. 

The  fermentation  industries  include  those  in  which  microorganisms 
are  essential  for  the  production  of  the  desired  decomposition  changes. 
In  all  such  industries  the  quality  of  the  product  will  depend  on  the 
raw  material  and  the  organisms  that  are  used  in  the  decomposition  of 
that  material.  The  preparation  of  dieese  has  not  until  recent  years 
been  classed  as  a  fermentation  industry,  althou^  it  is  one  in  which 
microorganisms  play  a  dominant  r61e.  Here,  as  in  all  other  similar 
industries,  if  control  of  the  quality  of  Uie  product  is  to  be  obtained, 
knowledge  must  be  gained  concerning  the  essential  biological  agents. 
In  this  paper  are  presented  a  summary  of  the  present  knowledge  of 
the  bacteriology  of  Cheddar  dieese  and  the  results  of  a  detailed  study 
of  a  number  of  che^es. 

THB  BACTERIAL  FLORA  OF  MILS. 

In  the  case  of  many  of  the  products  of  the  fermentation  industries 
the  essential  microorganisms  are  contained  in  the  raw  mato'ials,  and 
the  development  of  the  methods  of  preparation  of  the  products  have 
been  wholly  empirical.  Especially  is  this  true  of  certain  kinds  of 
cheese,  the  methods  of  manufacture  of  which  are  in  some  cases  cen- 
turies old.  Even  in  the  case  of  cheese  to  which  at  some  stage  in 
manufacture  material  containing  certain  microorganisms  is  added  the 
methods  of  manufacture  antedate  the  science  of  bacteriology. 

The  sources  from  which  microorganisms  enter  the  milk  are  much 
the  same  in  all  parts  of  the  world.  Any  natural  source,  such  as  the 
'  interior  of  the  udder,  the  dust  frcon  the  animal,  or  even  the  utensils, 
will  always  furnish  certain  definite  types  of  microorganisms.  By 
this  is  not  meant  that  the  flora  of  mi^  will  always  include  these 
definite  types  and  no  others,  but  that  certain  forms  will  always  b© 
present  That  this  is  true  is  shown  by  the  fact  that  a  sample  of 
ordinary  mai^et  milk,  if  stored  at  temperatures  ranging  from  60° 
to  90°  F.,  will  undergo  a  definite  sequence  of  decomposition  changes 
with  almost  unerring  certainty.  In  this  sequence  three  main  groups 
of  microorganisms  are  prominent;  first,  the  acid-forming  bacteria 
that  change  the  milk  into  an  acid,  semisolid  mass,  favorable  for  the 
development  of  the  mold  that  is  characteristic  of  milk — Oidium  laotis. 
This  mold,  by  its  gradual  destruction  of  the  acid  and  the  establish- 
ment of  an  alkaline  reaction,  makes  it  possible  for  the  putrefactive 
organisms  to  develop.  When  the  environment  is  changed  this 
sequence  of  microbial  life  in  the  milk  is  also  changed.  For  example, 
milk  may  be  kept  at  such  low  temperatures  that  the  acid-forming 
bacteria  can  not  grow  and  the  putrefactive  bacteria  appear  first. 
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It  is  thus  proper  to  speak  of  a  characteristic  milk  flora.  By  some 
it  is  believed  that  this  flora  is  so  constant  that  fermentations  that 
depart  from  the  nonnal  aie  to  be  looked  upon  not  as  due  to  the  in- 
troduction of  other  forms  of  microorganisms,  but  most  oft^  to 
changes  in  the  properties  of  the  organisms  or  to  changes  in  environ- 
ment that  favor  the  particular  organisms  which  produce  the  abnor- 
mal fermentation.  Slight  changes  in  the  composition  of  the  milk 
may  also  have  a  determining  influence. 

As  has  been  stated,  the  microorganisms  necessary  for  the  prepara- 
tion of  most  kinds  of  cheese  are  contained  in  the  milk.  Whether  one 
form  or  the  other  is  to  develop  in  the  cheese  depends  upon  the  en- 
vironment established  by  the  cheese  maker.  The  manufacture  of 
cheese  is  thus  a  problem  in  the  ecology  of  microorganisms. 

DIFFBUENCES  IN    COUPOSmON   OF  CHEESE. 

The  differences  due  to  the  methods  of  manufacture  result  in  differ- 
ences in  c<Mnpo8ition  of  the  cheese  at  the  time  it  begins  to  undergo 
the  ripening  process,  which  is  to  determine  whether  the  cheese  is  to 
be  classed  as  one  kind  or  another.  The  differences  in  composition 
of  the  fresh  cheese  are  very  largely  in  the  amount  of  moisture  pres- 
ent. Since  the  water  that  is  left  in  the  cheese  is  whey,  cairying  in 
solution  sugar  and  other  constituents  of  milk,  the  effect  of  differ- 
ences in  moisture  is  not  only  in  influencing  the  texture,  but  also  the 
composition  of  the  cheese.  The  difference  in  moisture  content 
between  CTheddar  and  Camembert  cheese  is  approximately  25  pex 
cent.  If  it  is  supposed  that  the  moisture  of  the  cheese  will  have 
about  the  same  sugar  content  as  milk,  this  means  that  the  sugar  con- 
tent of  the  Camembert  cheese  will  be  about  1  per  cent  greater  than 
Cheddar;  and  since  the  sugar  is  all  fermented,  differences  in  sugar 
content  ultimately  result  in  differences  in  acidity. 

One  of  the  basal  differences  between  Cheddar  and  Swiss  cheese  is 
that  during  the  making  of  the  first — that  is,  the  operations  before 
pressing — a  large  amount  of  acid  is  formed  in  the  curd,  while  in  the 
case  of  Swiss  no  such  acid  producti<Mi  occurs.  Van  Slyke  and  Hart,* 
Boekhout  and  Ott  de  Vries,*  and  Van  Dam*  have  shown  that  acid  is 
held  chemically  by  the  proteins  of  cheese,  while  sugar  is  not.  Thus 
if  in  the  making  of  one  cheese  acid  is  formed,  and  in  another  not 
formed,  the  result  will  be  a  somewhat  different  compositicHi,  even 
though  the  moisture  content  of  the  two  cheeses  is  initially  the  same. 

>  Van  Sljke.  L.  L...  antl  Hart,  B.  B.  A  studf  of  Bom«  of  tba  ultB  formed  br  casein  and 
paracaaeln  with  add*  i  Their  lelaMons  to  American  Cheddftr  cbesM.  Neir  Yatk  Agricul- 
tural EiperlmeDt  Station  BalleCIn  214.     OeneTa,  July,  1902.     See  p.  60. 

•  Boekboat.  F>.  W.  I.,  and  0(t  de  Vrlee,  I.  3.  Ober  den  KBsetebler  "Kun"  (Kort). 
Centralblatt  fOr  Bakterblocle,  Panwltenkande  uod  Intektlonikrankbeften,  Alrtellnng  2, 
Tol.  24.  No.  B/T,  pp.  182-128.     Jena,  Aug.  2.  1909. 

■Van  Dam,  W.  13btr  die  Konilsteni  der  Klaemaue  bel  EdamUeea.  Centralblatt  fflr 
Bakteriologle,  Parailtenknnde  nnd  InfekttOMkrmnkhclten,  Abtelloog  3,  vol.  S2,  No.  1/2, 
pp.  7-40.     Jena,  Dec.  C.  1911. 
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Another  difference  in  composition  of  dieese  is  caused  by  variations 
in  the  amount  of  salt  and  in  the  time  at  which  it  is  added.  This  dif- 
ference is  an  important  one  in  the  case  of  Cheddar  and  Swiss  cheese. 
These  differences  in  the  initial  ctHnposttion  are  sufficient  to  exert  a 
great  influence  on  the  types  of  life  that  are  to  grow  in  and  on  the 
cheese. 

THE  ENZTH  CONTENT  OF  CHEESE. 

The  role  of  the  inherent  enzyms  of  milk  and  those  of  the  rennet 
extract  in  the  ripening  of  cheese  have  been  emphasized  by  the  work 
of  Babcock  and  Bussell  and  of  Von  Freudenreich  and  Jensen.  There 
remains  no  doubt  concerning  the  importance  of  certain  enzyms,  es- 
pecially those  of  rennet  extract,  in  the  ripening  of  cheese.  The 
enzymic  content  of  all  cheese  must  be  much  the  same  qualitatively, 
since  they  are  made  from  the  same  raw  materials.  Again,  it  is  dif- 
ficult to  see  how  one  enzym  can  be  active  in  one  cheese  and  not  in 
other  kinds,  since  the  conditions  are  quite  similar  as  regards  reaction 
and  other  factors.  Accepting  the  theory  of  the  specificity  of  enzyms, 
it  must  be  admitted  that  the  products  of  the  activity  of  any  enzym  - 
will  be  the  same  in  kind  no  matter  what  the  conditions  under  which 
it  may  be  working.  Hence  it  does  not  seem  that  the  enzyms  of  milk 
or  rennet  can  be  factors  determining  the  kind  of  cheese  to  be  made 
by  any  method  from  the  ordinary  raw  materials,  but  that  the  deter- 
mining factors  must  be  biological. 

BIOLOGICAL  FBOBLBtlS. 

The  methods  of  manufacture  of  cheese  result  in  an  environmmt 
that  causes  certain  of  the  organisms  constantly  present  in  milk  to 
develop  in  a  definite  sequence.  The  empirical  methods  of  the  cheese- 
maker  result  in  a  cheese  that  approximates,  if  it  is  not  identical  with, 
the  normal  of  its  kind. 

Each  of  the  great  commercial  varieties  of  cheese  thus  presents  a 
distinct  problem  for  the  bacteriologist,  who  should  be  able  to  demon- 
strate the  constant  presence  of  the  essential  groups  of  bacteria.  It 
can  not  be  expected  here  any  more  than  in  most  decompo^tion  proc- 
esses that  a  single  specific  organism  will  be  concerned,  as  in  the 
causation  of  disease,  but  rather  that  groups  of  organisms  will  be 
present,  the  basis  of  grouping  being  largely  biochemical.  Neither 
can  it  be  expected  that  one  group  will  grow  for  a  period,  then  dis- 
appear and  be  followed  by  a  second,  but  rather  that  the  sequence  of 
development  will  be  confused. 

The  work  of  Thom  on  Camembert  cheese  furnishes  an  excellent 
illustration.  It  has  been  shown  that  a  definite  balance  between  the 
various  forms  of  life  concerned  is  essential  for  the  normal  ripening 
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of  this  cheese.  If  through  methods  of  manufacture  or  through 
conditions  of  ripening  this  balance  is  destroyed,  the  cheese  will  not 
be  typicsL 

The  biological  factors  ctmcenied  in  the  ripening  of  Camembert 
cheese  are  the  acid-forming  bacteria,  the  Camembert  mold  (Penieil- 
lium  cameTTiberti) ,  or  its  white  form  {PeniciUivim  eamemberti  var. 
Togeri);  Oidivan  lacUs;  and  bacteria  which  tt^ether  with  Oidium 
lactia  form  a  reddish  slime  on  the  surface  of  the  cheese.  If  ctmdi- 
tions  favor  the  growth  of  Oidium  lactis  at  the  expense  of  the  penicil- 
Hum,  the  cheese  will  not  be  normal;  if  the  mold  is  too  luxuriant, 
texture  is  obtained  but  flavor  is  not.  It  is  thus  evident  in  the  case  of 
Camembert  cheeae  too  wide  variations  in  the  balance  between  the 
different  forms  of  life  can  not  occur  if  a  cheese  normal  in  texture 
and  flavor  is  to  be  obtained.  A  large  amount  of  work  has  been  done 
on  Camembert  cheese  and  the  necessity  for  the  presence  of  the  dif- 
ferent forms  established,  but  their  exact  role  has  not  been  shown  and 
never  can  be  until  the  chemist  devises  means  of  following  in  detail 
the  complex  chemical  changes. 

It  is  not  <mly  necessary  that  the  constant  presence  of  any  organism 
in  cheese  be  demonstrated  in  order  to  prove  its  importance  in  the 
ripening,  but  it  must  also  be  present  in  sufficient  numbers  so  that 
it  is  certain  that  growth  has  taken  place  in  the  cheese.  The  simple 
presence  of  any  form  is  no  evidence  of  its  activity.  Such  an  error 
was  made  by  Duclaux,  one  of  the  first  bacteriologists  to  occupy  him- 
self with  cheese  problems.  Since  there  are  snch  a  multitude  of  forms 
of  bacteria  in  milk,  and  hence  in  cheese,  any  particular  method  of 
examination  of  the  cheese  is  lihely  to  bring  some  one  group  of 
organisms  to  the  front.  The  methods  used  by  Duclaux  in  his  examii 
nation  of  Cantal  cheese  were  fitted  to  favor  the  development  of  the 
spore-bearing,  liquefying  bacteria.  Their  constant  presence,  together 
with  the  fact  that  they  produced  in  pure  culture  in  milk  compounds 
which  he  had  already  demonstrated  in  the  ripe  cheese,  led  him  to 
consider  them  an  important  factor  in  the  ripening  of  this  cheese.  It 
has  been  demonstrated  since  that  the  conditions  in  hard  cheese  do 
not  permit  this  class  of  bacteria  to  develop. 

BACTXRIOLOGICAL  HETHODS. 

The  modem  bacteriological  methods  are  not  such  as  will  demon- 
strate the  presence  of  all  kinds  of  bacteria  in  milk,  cheese,  or  any 
other  substance  in  which  a  considerable  number  of  kinds  of  bacteria 
are  present,  even  though  all  may  find  conditions  that  will  permit  of 
growth  on  the  medium  employed.  It  is  usually  easy  to  demonstrate 
the  presence  of  the  form  that  occurs  in  greatest  numbers,  since  in 
the  more  lightly  inoculated  culture  plates  this  form  will  be  present 
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in  pure  culture  or  else  so  freed  from  competition  with  the  other 
forms  that  its  growth  will  not  be  prevented.  For  those  fonns  prescDt 
in  less  numbers  this  condition  does  not  obtain,  and  usually  special 
methods  must  be  employed  to  demonstrate  their  presence,  such  as 
the  use  of  differentiating  media  or  enrichment  cultures.  Anyone 
who  has  much  experience  in  plating  milk  on  lactose  media  has  noted 
that  in  certain  cases  the  plates  thickly  seeded  show  colonies  of  but 
a  single  organism,  usually  the  ordinary  lactic  organism  Bacterium 
lactia  acidi,  while  on  the  more  thinly  seeded  plates  from  the  same 
sample  other  forms  may  appear.  In  the  thickly  seeded  plates  the 
lactic  organisms,  on  account  of  favorable  conditions,  have  grown 
most  rapidly  and  by  the  acid  produced  have  prevented  the  develop- 
ment of  other  forms,  while  in  the  more  thinly  seeded  plates  the 
colonies  may  be  separated  by  such  a  distance  that  the  products  of  one 
colony  do  not  reach  the  others,  each  colony  then  grows  as  though 
it  were  the  only  colony  on  the  plate.  Hence  forms  appear  on  thinly 
seeded  plates  that  do  not  on  those  crowded  with  colonies.  If  the 
organism  that  finds  most  favorable  conditions  greatly  exceeds  in 
numbers  some  other  form  the  latter  may  never  appear  on  the  cul- 
ture or  be  so  inconstant  as  not  to  attract  the  attention  of  the  bac- 
teriologist. A  ratio  of  l/KX)  to  1  or  even  BOO  to  1  may  prevent  the 
detection,  by  use  of  the  ordinary  plate-culture  methods,  of  the 
organisms  present  in  smaller  numbers.  This  statement  may  serve 
to  explain  the  results  obtained  by  previous  investigators  of  Cheddar 
cheese. 

Before  1896  no  consecutive  bacteriological  examinations  had  been 
made  of  a  ripening  Cheddar  cheese.  The  first  detailed  woii  on  this 
variety  of  cheese  with  which  the  writers  are  acquainted  is  that  of 
Russell.'  This  work  was  largely  concerned  with  a  quantitative  exam- 
ination of  the  cheese  during  the  ripening  process  by  means  of  gelatin 
plates.  It  established  the  fact  that  acid-forming  oi^anisms  make  up 
99  per  cent  and  over  of  the  bacteria  thus  determined.  It  may  be 
inferred  that  the  acid-forming  bacteria  belonged  to  the  Bacterium 
lactia  acidi  group.  The  work  of  Lloyd  on  English  Cheddar  cheese 
led  to  dmilar  results.  The  most  extensive  work  on  the  bacterial 
flora  of  Cheddar  cheese  is  that  of  Harding  and  Prucha,*  who  iso- 
lated the  different  types  of  organisms  appearing  on  cultures  made 
from  9  normal  Cheddar  cheeses  during  the  entire  period  of  ripening. 
The  more  than  300  cultures  thus  isolated  were  studied  in  detail  and 
reduced  to  33  groups.  Of  these  33  groups  4  belonged  to  the  Bacte- 
riwm  lactia  acidi  group,  the  only  one  which  was  always  found,  and 
it  practically  always  included  ovm  99  per  cent  of  the  total  germ 

<  RneBen,  H.  t..  The  rise  and  fall  ol  bact«rta  Id  Cbeddar  eheeiei  WlHconalD  Agricul- 
tural Eiperimcnt  Btallon,  Thirteenth  Annual  Report,  pp.  B6-HI.     Madison,  1896, 

■nardlng,  H.  A.,  and  Prncba,  U.  J.  Tbe  bacterial  Sota  ol  Cbeddar  cheese.  New 
York  Agrlcnltural  Experiment  BtatloD,  Technical  DuUetln  8.    Oeneva,  Dec.,  IWSS. 
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content.  The  10  other  groups  which  these  investigators  classed  as 
important  on  account  of  frequency  of  occurrence  were  not  found  in 
all  of  the  cheeses,  and  it  may  be  inferred  that  the;  do  not  represent 
essential  factors  in  the  ripening  of  Cheddar  cheese.  In  speaking  of 
one  cheese  the  authors  say: 

The  results  troia  this  cheese  accord  with  the  Idea  that  aside  from  the  lactic 
gronp  there  in  no  single  group  or  at  least  no  Mngle  qiec^es  of  bacteria  nbao- 
lutely  essential  to  the  ripening  process. 

The  work  of  previous  investigators  has  shown  that  the  liquefying, 
the  gas-forming,  and  the  inert  bacteria  are  not  essential  factors  in 
the  ripening  of  Cheddar  cheese,  since  all  or  any  one  of  these  groups 
may  be  absent  and  yet  the  cheese  may  ripen  in  a  normal  manner. 
It  is  true  that  all  of  these  groups  are  usually  represented  in  Cheddar 
cheese,  since  they  are  present  in  milk,  but  the  numbers  are  smaU, 
and  in  the  case  of  the  liquefying  organisms  there  is  no  evidence  that 
growth  ever  occurs  during  the  ripening  process. 

Yeasts  can  not  be  classed  as  an  important  factor  since  they  may  be 
absent  from  a  normal  cheese. 

The  work  of  previous  investigators  may  be  summarized  in  the 
statement  that  the  group  of  bacteria  represented  by  Bacterium  lactit 
acidi  is  the  only  one  that  up  to  the  present  has  been  shown  to  be  of 
constant  occurrence  in  Cheddar  cheese.  This  fact  t^^ther  with  the 
enormous  numbers,  amounting  to  millions  and  at  times  over  a  billion 
per  gram  of  the  fresh  cheese,  leaves  no  doubt  of  the  importance  of 
this  group  of  organisms  in  Cheddar  cheese,  and  undoubtedly  in  all 
cheese  that  undergoes  a  ripening  process. 

THE   ROLB  OF  BACTBRIUU    LACTIS  ACIDI  IN  CHEDDAR  CHEESE. 

The  empirical  methods  of  the  Cheddar  cheesemaker  demand  a  milk 
so  far  advanced  in  the  acid  fermentation  that  during  the  few  hours 
between  time  of  curdling  and  placing  the  curd  in  the  press  acid  de- 
velopment is  rapid.  The  increasing  acidity,  as  has  long  been  known, 
favors  the  curdling  of  the  milk  by  the  rennet.  Indeed  the  tests  most 
frequently  used  in  cheeeemaking  to  determine  the  "  ripeness "  or 
acidity  of  the  milk  are  those  in  which  the  time  of  curdling  is  noted, 
whrai  a  definite  amount  of  rennet  is  added  to  milk  at  a  definite  tem- 
perature (tests  of  Monrad  and  Marschall).  The  Cheddar  maker 
desires  milk  that  has  just  passed  through  the  "  period  of  incubation.'^ 
By  this  expression  is  meant  the  time  during  which  no  apparent  in- 
crease in  acidity  results  from  the  growth  of  acid-forming  bacteria. 
This  has  been  supposed  to  be  due  to  the  fact  that  no  acid  was  formed 
by  the  rapidly  growing  organisms.  More  recently  it  has  be«i  pointed 
out  by  Rahn  ^  that  this  is  not  the  true  explanation  but  that  until  the 
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bacteria  have  increased  to  a  great  extent  the  amount  of  acid  ftnined 
is  so  small  as  to  escape  detection.  Whatever  the  explanation,  it  is 
true  tiiat  the  acid-forming  bacteria  ma;  increase  until  thwe  are 
millions  per  cubic  centimeter  and  yet  the  acidi^  show  no  change 
whatever,  as  has  been  shown  by  Koning '  and  by  Bum  and 
Kiirsteiner.* 

At  last  the  acidity  begins  to  develop  with  increasing  rapidity  ontil 
it  reaches  a  point  where  it  begins  to  exert  an  inhibitive  effect  upon  the 
growth  of  the  organism.  In  Table  1  are  given  some  data  illustrating 
the  rate  of  acid  development  in  milk  k^  at  9S°  F.  It  will  be  noted 
in  both  samples  that  the  initial  rate  of  increase  in  add  is  small,  that 
it  reaches  a  maximum  that  may  be  over  0.15  per  cent  per  hour  and 
then  declines.  Both  samples  of  mUk  were  slightly  too  acid  for 
cfaeesemaking. 

Table  1. — Kate  of  development  of  aotd  in  milk  kept  at  95'  P. 
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This  rapid  increase  in  acidity  is  the  result  of  the  growth  of  the 
acid-forming  bacteria  in  the  favorable  environment.  In  Table  2  are 
given  the  results  of  the  bacteritdogical  examination  of  two  samples  of 
milk  kept  at  95°  F.  for  a  nmnber  of  hours.  It  will  be  noted  that  the 
increase  in  numbers  of  bacteria,  like  that  of  the  acidity,  goes  on  with 
increasing  rapidity  until  a  maximum  is  reached,  after  which  the 
growth  is  less  and  less  rapid. 

TjlBU  2. — Increase  of  bavteria  per  cubic  centimeter  in  miffc  kept  at  95°  F. 
[Numbar  (4  baatarli  eipnand  In  mOUiaB.] 
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It  is  essentiBl  that  the  acid  developmeDt  should  be  rapid  during  the 
time  between  the  curdling  of  the  milk  and  pressing  the  curd.  The 
modem  Cheddar  maker  insures  this  by  the  addition  of  large  numbers 
of  acid-forming  bacteria  in  the  form  of  a  starf«r. 

EFFECT  OF  CURDLING   ON   DISTRIBUTION  OF  BACTERIA  IN   MILK. 

The  solid  bodies  present  in  the  milk  will  be  held  by  the  curd  in  the 
same  manner  as  the  formation  of  alimiinum  or  ferric  hydrate  in  water 
enmeshes  the  solid  bodies  present,  or  the  coagulating  of  albumen  in 
a  solution  removes  turbidity  therefrom,  as  in  the  clearing  of  bac* 
teriological  media  and  of  wine. 

In  order  to  illustrate  the  effect  of  curdling  aa  the  distribution  of 
bacteria  several  samples  of  milk  were  subjected  to  a  quantitative  ex- 
amination. Kennet  solution  was  then  added  and  the  curd  cut.  As 
soon  as  possible  a  sample  of  the  whey  was  likewise  examined.  In 
Table  3  are  given  the  data  obtained  from  a  number  of  such  examina- 
tions. It  will  be  noted  that  in  all  cases  a  unit  volume  of  the  whey 
contained  less  bacteria  than  the  milk  before  curdling.  From  the 
average  figures  of  the  determinations  approximately  77  per  cent  of 
the  bacteria  were  retained  in  the  curd  in  the  trials  made  in  the 
laboratory. 


[Namber  of  bHtmb  ezpniHid  In  thouaudi.) 
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A  number  of  similar  examinations  were  made  under  practical  con- 
ditions in  the  cheese  room,  the  sample  of  milk  being  taken  from  the 
cheese  vat  and  the  whey  after  cutting  the  curd  in  the  usual  manner. 
The  data  are  given  in  Table  4.  It  will  be  noted  that  the  results  are 
similar  to  those  obtained  in  the  laboratory.  Approximately  73  per 
cent  of  the  bacteria  in  the  milk  were  retained  in  the  curd. 
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The  result  of  curdling  and  the  shrinking  of  the  curd  is  that  the 
acid-forming  bacteria  of  the  milk  are  concentrated  in  the  curd,  which 
soon  after  cutting  occupies  but  a  fraction  of  the  volume  of  the  origi- 
nal milk.  This  concentration,  together  with  the  favorable  envircm- 
ment,  results  in  a  rapid  formation  of  acid  in  the  curd. 

This  ccmdition  should  result  in  a  more  rapid  increase  of  acid  in  a 
vhey  in  which  the  curd  is  allowed  to  remain  than  in  a  pmi^ion  of 
the  same  whey  removed  from  the  curd.  As  the  curd  shrinks  the 
expelled  whey  should  bring  with  it  a  portion  of  the  acid  that  has 
been  formed  in  the  curd ;  this,  together  with  osmotic  action,  should 
increase  the  acidity  of  the  whey  in  contact  with  the  curd. 

In  order  to  demonstrate  this  a  sample  of  milk  was  curdled,  the 
curd  cut,  and  as  soon  as  possible  a  portion  of  the  whey  removed  to 
a  separate  vessel.  Acidity  determinations  were  made  at  intervals. 
The  results  are  given  in  Table  5.  It  will  be  noted  that  in  every  case 
the  acidity  of  the  whey  in  contact  with  the  curd  increased  much 
more  rapidly  than  that  of  the  whey  not  in  contact  with  the  curd. 

Table  5. — Development  of  add  m  tclieu  atone  ana  Jn  wliev  in  contact  wiih  curd. 
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It  was  thought  that  if  a  sample  of  milk  was  curdled  by  rennet  and 
the  curd  cut  and  allowed  to  settle  to  the  bottcnn  of  a  deep  container, 
the  wh^  at  different  levels  should  show  varying  degrees  of  acidity 
if  the' container  were  so  protected  that  convectiim  currents  did  not 
tend  to  mix  the  liquid.  In  other  words,  the  acid  whey  expelled  would 
tend  to  accumulate  in  the  lower  portion  of  the  c<mtainer. 

In  order  to  test  this,  deep  beakers  were  filled  with  milk,  the  milk 
curdled  with  rennet,  and  the  curd  cut  and  allowed  to  settle.  The 
beakers  were  kept  in  a  thermostat  at  95°  F. ;  thus  no  convection  cur- 
rents were  present,  since  care  was  taken  to  heat  the  milk  to  the  same 
temperature  before  curdling.  The  samples  of  whey  were  removed 
in  such  a  maimer  as  not  to  mix  the  differoit  layers.  In  Table  6  the 
results  of  a  number  of  trials  are  given.  It  will  be  seen  that  the 
acidity  of  the  bottom  layers  increases  much  faster  than  that  of  the 
upper  layers,  the  difference  being  in  some  cases  0.4  per  cent. 
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It  is  thus  shown  in  a  number  of  ways  that  the  location  of  acid 
development  is  in  the  curd  rather  than  in  the  whey. 

It  has  been  shown  that  paracasein  will  absorb  and  probably  com- 
bine with  acids.  If  this  is  so,  a  portion  of  the  acid  formed  in  the 
curd  should  be  retained  in  loose  chemical  combination  and  the  acidity 
of  a  sample  of  milk  should  increase  more  rapidly  than  that  of  the 
whey  from  the  same  milk,  even  though  the  whey  isin  contact  with 
the  curd.  The  data  given  in  Table  7  show  this  to  be  true.  The 
figures  represent  the  increase  in  acid  at  the  end  of  each  period  over 
the  initial  acidity  of  the  milk  or  whey  and  curd.  This  leaves  no 
doubt  that  a  portion  of  the  acid  is  retained  by  the  curd,  and  is  proof 
of  an  earlier  statement,  that  a  cheese  in  which  acid  is  developed  dur- 
ing the  process  of  making  will  have  a  different  acidity  from  one  with 
an  equal  content  of  moisture,  but  in  which  no  acid  is  formed  during 
the  making. 

Table  l.^lncrease  in  acidity  of  mUk  and  of  v>hey  in  contact  with  curd. 
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EFFECT  OF  ACID  ON  EXPULSION  OP  THE  WHET. 

It  has  been  shown  by  Sammis,  Suzuki,  and  Laabs  >  that  the  erpul- 
sion  of  whey  from  the  curd  is  directly  proportional  to  the  amount 
of  acidity  present;  at  least,  in  the  case  of  percentages  of  acidity  that 
are  met  with  in  normal  cheese  curds.  The  growth  of  lactic-acid 
bact«ria  in  the  curd  and  the  consequent  dev^opment  of  acidity  are 
necessary  to  secure  a  curd  with  the  proper  moisture  content. 

EFFECT   OP  ACID   ON   THE   TEXTURE   OP  THE   CURD. 

The  curd  from  milk  in  which  no  growth  of  acid-fonning  bacteria 
has  taken  place  shows  but  a  slight  tendency  to  mat  or  for  the  pieces 
of  curd  to  fuse.  If,  however,  acid  is  formed  in  the  pieces  of  curd, 
they  undei^o  such  a  change  in  texture  that  as  soon  as  they  are  allowed 
to  settle  to  the  bottom  of  the  vat  they  soon  unite  to  form  a  sin^e 
mass  of  curd.  In  the  making  of  cheese  by  the  Cheddar  process  it  is 
essential  that  this  matting  take  place. 

The  change  in  texture  which  the  curd  undergoes  is  due  to  the  acti«i 
of  the  acid  on  the  paracasein,  forming  a  substance  that,  when  wanned, 
can  be  drawn  into  threads.  The  basis  of  the  "  hot  iron  "  test  as  used 
to  determine  the  time  to  draw  the  whey  is  the  formation  of  this 
cwnpound  by  the  acid. 

At  the  time  the  curd  is  placed  in  the  press  there  are  numerous 
spaces  between  the  curd  particles.  It  is  ess^itial  that  the  curd  be 
so  plastic  that,  tmder  the  influence  of  the  pressure,  the  particles 
undergo  perfect  fusion,  so  that  the  entire  cheese  is  one  mass,  per- 
fectly free  from  irregular-shaped  mechanical  holes.  Such  a  fu^on 
does  not  occur  in  the  absence  of  acid  formation  in  the  curd. 

THE  RdLB  OF  ACID  IN  THE  RIPENINQ  OP  CHEESE. 

In  the  ripening  process  proper  the  acid  resulting  from  the  fer- 
mentation of  the  sugar  by  the  organisms  of  the  Bacterium  lactis 
acidi  group  has  an  important  r61e.  As  has  been  shown  by  numerous 
investigators,  the  sugar  in  the  cheese  is  all  fermented  within  a  few 
.  days.  It  was  shown  by  Bahcock  and  Russell,*  also  by  Jensen,*  and 
by  Van  Slyke,  Harding,  and  Hart  *  that  rennet  extract  not  only  has 
a  curdling  effect  but  has  a  digestive  action  in  the  presence  of  an 

<  Siminls,  J.  L. ;  Bninkl,  S  K.,  and  laabt,  F.  W.     Fictoia  controlling  the  molstnra 

content  ot  cheese  curds.  U.  S.  Department  of  Agclcnitnre,  Bureau  of  Animal  Indnstrr, 
Bulletin  122.     WaflMnBton,  lOtO. 

■Babcock,  B.  M. ;  RubbcII.  II.  I..:  and  Vlilan.  X.  Inllarncc  of  rennet  on  cbeese  ripen- 
ing. Wisconsin  Agrlcnltaral  Experiment  Station,  Berenteentb  Annual  Beport,  pp.  102- 
122.    Maaiion,  1900. 

■  Jensen,  Orta.  Stndlen  niier  die  Einifme  Im  KSae.  LandwlrtBchaftllcbee  Jabrbnch 
dor  Schweli.  Tol.  14.  pp.  1D7-233.     Berne,  lOOO. 

'  Von  Sl^kc,  L,  L. ;  Dardlng,  H.  A. ;  and  Hart,  El.  B.  Rennet-enifme  na  a  factor  In 
cheese  ripening.  Hew  Tork  Agrieultoral  Experiment  Station,  Bulletin  23S.  QeiMT«, 
June,  1&03. 
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activating  acid  such  as  is  present  in  the  cheese.  The  rapid  proteoly- 
sis occurring  during  the  first  part  of  the  ripening  process  is  largely 
due  to  the  action  of  the  pepsin. 

Variations  in  the  amount  of  rennet  extract  added  to  the  milk  result 
in  differences  in  the  rate  of  ripening,  as  has  been  shown  by  numerous 
investigators.  This  can  be  explained  only  through  the  variations  in 
the  pepsin  content  of  the  cheese.  The  action  of  rennet  extract  in 
the  presence  and  absence  of  lactic  organisms  is  demonstrated  in 
Plate  I,  figure  1.  A  4  per  cent  solution  of  agar  was  added  to  sterile 
milk  in  the  proportion  of  1  to  1.  A  portion  of  the  milk  agar 
was  heavily  inoculated  with  a  lactic  organism  and  the  plates  in- 
cubated for  24  hours;  the  other  portion  was  not  inoculated.  At  the 
end  of  the  period  of  incubation  ^rips  of  filter  paper  were  moistened 
with  rennet  extract  and  placed  on  the  plates,  which  were  then  in* 
cubated  at  37°  C.  for  one  hour.  The  photograph  was  taken  at 
the  end  of  the  period.  It  will  be  noted  that  in  the  presence  of  the 
lactic  organisms  the  casein  has  been  rendered  soluble  by  the  reimet 
extract,  while  in  the  absence  of  the  organisms  no  such  marked 
digestion  has  occurred.  The  digestion  of  the  casein  has  resulted  in 
the  destruction  of  the  opacity  of  the  milk  agar  so  that  a  number 
placed  beneath  the  dish  can  be  read,  while  in  the  case  of  the  milk 
agar  from  which  the  lactic  organisms  were  absent  no  trace  of  a 
similar  number  can  be  distinguished.  In  the  milk  agar  conditions 
are  very  similar  to  those  obtaining  in  cheese,  the  activating  acid  being 
of  like  origin. 

It  would  thus  seem  that  if  a  cheese  was  made  from  milk  that  con- 
tained but  few  acid-forming  organisms  the  rate  of  ripening  would  be 
delayed.  In  order  to  test  this  hypothesis,  a  cheese  was  made  from 
very  clean  milk,  containing  scarcely  any  acid-producing  organisms, 
and  no  starter  was  added.  No  acid  whatever  was  formed  during  the 
making  process.  The  milk  after  standing  24  hours  at  20°  C.  had 
an  acidity  of  but  0.19  per  cent.  In  order  to  insurv  proper  curdling, 
the  acidity  of  the  milk  was  raised  to  0.25  per  cent  by  the  addition 
of  hydrochloric  acid.  In  order  to  follow  the  rate  of  acid  formation, 
determinations  of  the  sugar  present  in  the  cheese  wwe  made  at 
intervals.    The  results  are  given  in  Table  8. 


Table  8. — Sugar  content  of  chet 
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The  Bugar  disappears  from  a  normal  cheese  in  S  to  6  days,  irhUe 
on  the  twenty-second  day  over  one-half  of  the  sugar  rwaained  in 
the  experimraital  cheese.  The  maximum  bacterial  content,  as  meas- 
nred  by  the  ordinary  plate  cultures,  was  not  attained  until  after 
the  sixth  week.  The  rate  of  ripening,  as  measured  by  the  change  in 
texture  and  development  of  flavor,  was  correspwidingly  slow.  At 
three  months  the  cheese  still  showed  a  spongy  texture  and  scarcely 
any  cheese  flav(H'. 

THE  PROTBCTIVS  ACTION  OP  ACID. 

The  patrefactive  bacteria  of  the  groups  that  are  constantly  present 
in  milk,  and  hence  in  cheese,  are  unable  to  grow  on  account  of  the 
acid  reaction  which  is  maintained  during  the  entire  period  of  ripen- 
ing. This  protective  action  of  acid  was  first  demrxistrated  at  the 
Wisconan  Experiment  Station  by  Babcock  and  Russell,'  who  re- 
moved the  sugar  from  curd  by  -washing  in  water.  The  cheese  de- 
veloped most  undesirable  odors  and  tastes,  and  bacteriological  exami- 
nations showed  liquefying  bacteria  to  be  numerous.  If  lactose, 
glucose,  or  cane  sugar  were  added  to  the  washed  curd,  the  ripening 
process  was  much  more  nearly  normal  because  the  acid  reaction  was 
thereby  restored,  due  to  the  fermentation  of  the  added  sugar,  and 
the  putrefactive  organisms  were  inhibited  as  in  a  normal  cheese. 
In  the  experimental  work  «i  flavor  development  in  Cheddar  cheese,' 
a  number  of  cheeses  were  prepared  from  curd  from  which  the  sugar 
was  removed  by  washing.  In  Plate  I,  figure  2,  a  normal  and  a 
washed-curd  cheese  are  itlnstrated.  The  washed-curd  cheese  was 
devoid  of  texture,  being  a  soft,  plastic  mass  and  having  no  resem- 
blance to  cheese  in  odor  and  taste.  On  the  right  of  the  picture  is  a 
cheese  made  from  the  same  washed  curd  to  which  acid  had  been 
added,  with  the  result  that  the  firmness  was  restored. 

The  r61e  of  organisms  of  the  Bacterium  lactic  acidi  group  in 
Cheddar  cheese  may  be  summarized  as  follows: 

1.  They  favor  the  curdling  process. 

2.  They  favor  the  expulsion  of  the  whey, 

8.  They  permit  of  the  fusing  of  the  curd  particles. 

4.  They  activate  the  pepsin  of  the  rennet  extract. 

5.  They  have  a  protective  action  against  the  putrefactive  bac- 

teria. 

It  is  certain  that  this  group  is  an  essential  factor  in  the  ripening 

of  Cheddar  cheese.    Their  period  of  growth  has  been  believed  to  be 

short,  since  it  has  not  been  supposed  they  can  continue  to  develop 

after  the  disappearance  of  the  sugar.    It  has  been  shown  by  numer- 

1  Babcock,  B.  H.,  Italmll.  H.  L,,  VItIbq,  A.,  and  HaitliigB.  B.  G.  tnflDenee  of  soKar  on 
the  natuce  of  tb?  termentatloDS  occurrlns  In  milk  and  rhivse.  Wlscooaln  Agrlenltiinl 
Bxperlmeat  Btatlon,  Elgbteentb  Annaal  Report,  VD.  162-174.    Hadlson,  1901. 
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ous  investigators  thtt  the  period  of  maximuni  numbers  is  'when  the 
cheese  is  a  few  days  old ;  that  thereafter  the  decline  in  numbers  is 
more  or  less  rapid.  In  some  cheeses,  as  will  be  shown  later,  high 
numfiers  may  persist  for  long  periods  of  time.  It  is  not  usually 
believed  that  they  can  exert  any  marked  acti<m  in  other  lines  thui 
those  that  have  been  mentioned  after  growth  ceases,  althouj^  such 
a  belief  may  not  be  well  founded.  Indeed,  8<Hne  facts  would  indicate 
otherwise. 

The  ripening  process,  both  in  regard  to  proteolysis  and  develop- 
ment of  flavor,  continues  luig  after  what  is  supposed  to  be  the  period 
of  bacterial  activity.  A  large  amount  of  data  is  available  as  to  the 
proteolytic  changes  going  on  in  the  ripening  cheese,  but  until  recently 
no  data  have  been  available  to  show  that  the  compounds  containing 
no  nitrogen  were  likewise  constantly  changing.  The  content  of  the 
cheese  in  volatile  fatty  acids  is  constantly  changing,  and  especially 
the  relative  amounts  of  the  ditferent  acids.  To  explain  these  changes 
recourse  must  be  had  to  enzyms,  and  most  probably  to  those  elabo- 
rated by  the  lactic  organisms  or  to  other  types  of  bacteria  that  de- 
velop subsequently  to  what  has  been  called  thti  period  of  bacterial 
activity. 

The  data  to  be  presented  wUl  show  that  Ihe  period  of  activity  is 
not  to  be  measured  by  determining  the  ordinary  types  of  bacteria. 
The  demonstration  of  continued  bacterial  growth  does  not,  of  course, 
eliminate  the  action  of  enzyms  formed  by  the  Bacterium,  lactic  acidi 
group  of  organisms  that  during  the  early  life  of  the  cheese  make  up 
most  of  the  flora. 

THB  RATE  OP  BACTERIAL  GROWTH  IN  CHBBSB. 

In  the  course  of  the  cooperative  work  carried  on  by  the  Dairy 
Division  of  the  Department  of  Agriculture  and  the  Wisconsin  Ex- 
periment Station  a  large  number  of  cheeses  hare  been  examined 
bacteriologically.  Some  were  examined  at  frequent  intervals  during 
the  making  process  and  during  the  first  portion  of  the  ripening 
period;  others  were  examined  at  less  frequent  intervals  during  the 
entire  period  of  ripening. 

METHODS  OF  EXAMINATION. 

The  method  of  examination  used  was  the  grinding  with  sterile 
quartz  sand  of  a  sample  of  the  cheese  taken  from  various  parts  of  a 
plug  and  handled  under  aseptic  conditions.  Inoculations  in  vary- 
ing dilutions  were  made  from  the  cheese  suspension  into  lactose-agar 
plates.  At  flrst  the  period  of  incubation  of  the  plates  was  48  hours 
at  37°  C.  Later  the  incubation  at  37°  was  supplranented  by  a  further 
incubation  at  20°.    This  method  of  incubation  allows  the  develop- 
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ment  of  the  m&ximuin  number  of  organisms  and  insures  the  growth 
of  the  colonies  to  a  maximum  size,  an  important  point  wheD  it  is 
desired  to  differentiate  the  yarious  types  present.  Gelatin  containing 
no  added  sugar  was  used  in  a  portion  of  the  work;  the  plate  cultures 
were  then  incubated  at  18°  to  22°  C.  for  10  days  and  for  even  longer 
periods  when  slightly  lower  temperatures  were  employed. 

RESULTS  OP  THE  WORK. 

The  data  collected  by  means  of  the  methods  that  have  been  used  by 
other  investigators  of  Cheddar  cheese  serve  simply  to  confirm  their 
work  and  to  emphasize  the  number  of  organisms  of  the  Bacterium, 
lactis  acidi  group  that  are  to  be  found  during  the  early  part  of  the 
ripening  period.  A  portion  of  the  data  is  presented  in  Tables  9, 10, 
and  11  because  it  gives  a  very  complete  picture  of  the  bacterial  de- 
velopment during  and  subsequent  to  the  making  of  the  cheese. 

The  maximum  number  of  bacteria  as  measured  by  the  lactose-agar 
plate  cultures  occurs  early  in  the  ripening  process.  In  8  of  the  11 
cheeses  examined,  as  shown  in  Tables  9  and  10,  the  greatest  number 
of  bacteria  was  found  within  18  hours.  In  the  case  of  the  examina- 
tions detailed  in  Table  11,  it  will  be  noted  that  the  maximum  ntunbers 
of  bacteria  as  determined  by  lactose-agar  plates  have  been  found 
much  later,  namely,  at  the  end  of  the  fourteenth,  forty-fifth,  and 
seventy-seventh  days.  Thus,  in  no  case  was  the  maximum  number 
found  at  the  first  determination.  It  is  not  believed,  however,  that 
these  cheeses,  selected  especially  to  illustrate  certain  points  to  be  dis- 
cussed later,  give  a  true  picture  of  the  initial  development  of  bacteria. 
In  the  case  of  9  of  the  13  to  be  mentioned  later,  the  maximum  number 
of  bacteria  was  found  on  the  first,  second,  or  third  examinations. 
Harding  and  Pnicha  ^  obtained  similar  results.  Seven  out  of  9 
cheeses  examined  showed  the  maximum  number  of  bacteria  at  the 
first  examination,  1  at  the  second,  and  I  at  the  fourth. 

It  is  impossible  to  determine  the  time  at  which  the  gnjwth  of  any 
particular  type  of  organism  in  cheese  ceases.  As  the  fermentation 
in  the  cheese  progresses  and  the  accumulation  of  by-products  in- 
creases, cell  death  begins  to  occur.  As  long  as  the  process  of  cell 
division  is  more  rapid  than  death  of  the  cells,  an  increase  in  li\'ing 
bacteria  will  be  shown  by  the  plate  cultures.  Soon  death  of  the  cells 
is  more  rapid  than  cell  division.  At  this  point  the  decrease  in  ap- 
parent numbers  begins,  although  growth  may  continue  for  a  much 
longer  period.  It  seems  probable  that  the  growth  of  the  bacteria  of 
the  Bacterium,  lacUa  acidi  group  continues  until  the  sugar  is  com- 
pletely fermented.    In  milk  the  cessation  of  growth  is  due  to  the 


•  "-'gi^' 


BATB  OF  BACTEBIAL  OBOWTH.  2S 

appearance  of  free  acid,  in  cheese  to  the  disappearance  of  an  essential 
food,  a  fermentable  carbohydrate. 

The  large  numbers  of  bacteria  found  during  the  first  days  are 
striking;  the  number  as  given  in  the  tables  is  far  below  the  actual 
number,  due  to  the  impossibility  of  bi-eaking  up  the  colonies  in  the 
tough  cheese.  It  is  probable  that  the  genn  content  of  cheese  often 
amounts  to  hundreds  of  billions  of  living  bacteria  in  each  gram  of 
the  moist  cheese.  From  what  is  known  of  the  number  of  cells  in  a 
gram  of  moist  bacterial  growth,  it  is  certain  that  at  the  time  the 
maximum  numbers  of  the  organisms  of  the  Bacterium  lactis  acidi 
group  are  found,  at  least  0.1  per  cent  of  the  moist  cheese  consists  of 
bacteria. 
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According  to  the  determinations  of  MacNeal,  Latser,  and  Kerr,* 
there  are  about  5,300  billion  colon  bacilli  in  a  gram  of  dry  growth. 
Figuring  on  a  moisture  content  of  90  per  cent,  there  would  be  530 
billion  in  a  gram  of  the  moist  growth.  From  determinations  made 
by  weighing  out  1  gram  of  the  moist  growth  of  a  coccus  fc»in  from 
cheese,  making  a  uniform  suspension  of  this  in  a  known  volume  of 
water,  and  taking  an  equal  volume  of  this  suspension  and  of  normal 
blood  and  counting  the  number  of  bacteria  and  red  corpuscles  we 
have  obtained  an  average  figure  of  1,150  billion  cells  per  gram  of  the 
moist  growth-  The  basis  for  this  method  of  counting  is  the  fact  that 
from  a  known  number  of  red  blood  cells  one  can  figure  the  volume 
used,  ^nce  the  red  cells  are  practically  a  constant  quantity.  The 
average  volume  of  the  colon  organism  is  1.13  cubic  microns ;  of  the 
coccus  0.5236.    The  agreement  in  the  determinations  is  thus  very  close. 

It  is  not  to  be  supposed  that,  so  far  as  the  number  of  bacteria  is 
concerned,  all  cheese  will  be  similar.  The  results  shown  in  Table  11 
emphasize  this  point ;  two  of  the  cheeses,  Nos.  1  and  54,  showed  at  no 
time  over  a  few  million  bacteria  per  gram,  while  the  remaining  two 
had  a  consistently  high  germ  content.  Such  differences  may  be  due 
to  many  causes.  The  period  of  maximum  numbers  is  followed  by  a 
decline,  rapid  in  some  instances,  slow  in  others.  At  the  time  the 
cheese  is  fully  ripe  millions  of  living  lactic  bacteria  are  usually  pres- 

>-  UicNeal,  Ward  J. ;  JMkt,  Lenore  L. ;  KDd  Kerr,  Josephine  E.  The  fecal  bacterU  of 
healthy  men.  Joamal  of  Icrectlous  Dlaeaae^  vol.  6,  No.  Z,  pp.  ISft-lsa,  Apr.  1 ;  No.  Ow 
pp.  6Tl-eOS,  Hot.  26.     Chicago,  1906. 
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ent  in  each  gram  of  cheese.    Living  lactic  organisms  have  been  found 
by  one  of  the  authors  in  a  cheese  over  4  years  old, 

The  ripening  of  the  cheese,  both  in  reference  to  proteoly^s  and 
flavor  development,  continues  long  after  this  group  of  organisms  has 
ceased  to  grow.  A  large  amount  of  data  is  available  to  show  that  a 
constant  change  in  the  nitrogenous  bodies  present  is  taking  place.  It 
has  also  been  shown  by  the  authors  that  the  content  of  the  cheese  in 
fixed  and  volatile  acids  changes  during  the  ripening  process.  To 
explain  these  latter  changes,  recourse  must  be  had  to  enzyms  elab- 
orated by  the  lactic  bacteria,  or  else  it  must  be  supposed  that  other 
groups  of  organisms  develop  subsequently. 

THS  BHZyUIC  ACTION  OP  LACTIC  BACTERIA. 

The  work  of  Buchner,  Herzog,  and  others  has  shown  the  presence 
of  an  enzym  in  certain  lactic-acid-produQing  bacteria  that  are  essen- 
tially different  from  those  predominating  in  cheese.  This  intracellu- 
lar enzym,  which  can  be  demonstrated  only  after  the  disintegration 
of  the  cell,  forms  small  quantities  of  lactic  add  from  sugar.  So  far 
as  is  known  to  us,  a  similar  enzym  has  never  been  demonstrated  in 
organisms  of  the  Bacterium  lactia  acidi  group.  The  growth  of  these 
organisms  on  all  media  is  so  meager  that  it  is  very  difficult  to  obtain 
a  Eoifficient  amount  of  the  growth  so  that  it  can  be  treated  by  methods 
similar  to  those  employed  by  Buchner  and  others.  An  acid-produc- 
ing enzym  in  the  lactic  bacteria  has,  however,  been  demonstrated  by 
quite  different  methods.  It  had  been  noted  that  when  a  sample  of 
raw  or  sterilized  milk  in  which  varying  numbers  of  lactic  bacteria  had 
been  allowed  to  develop,  and  to  which  a  preservative,  as  chloroform 
or  toluol,  had  been  added,  the  cells  soon  disappeared,  or  at  least  could 
no  longer  be  detected  by  microscopical  examination.  It  was  tJiought 
that  if  the  cells  would  undergo  disintegraticm  after  having  been 
killed  by  an  antiseptic  while  in  an  actively  growing  condition,  any 
enzyms  present  should  exert  their  peculiar  action  as  well  as  though 
the  cells  were  mechanically  ruptured. 

The  following  experiment  was  planned :  Bottles  of  fre^  raw  milk 
and  of  the  same  milk  heated  to  97°  C.  for  a  short  time  were  in- 
oculated with  a  pure  culture  of  BacteriuTn,  lactis  acidi.  At  varying 
periods  in  the  development  of  acid  a  portion  of  the  milk  was  re- 
moved and  preserved  with  3  per  cent  of  toluol.  In  the  bottles  treated 
soon  after  inoculation  a  small  number  of  bacteria  were  present,  while 
in  those  to  which  the  preservative  was  added  at  a  later  stage  in  the 
development  of  acid  a  much  larger  amount  of  bacterial  growth  was 
present.  If  any  enzymic  action  occurred,  the  bottles  should  show  a 
quantitative  difference  in  the  amount  of  acid  formed  corresponding 
to  the  amount  of  bacterial  cells  present.  Raw  milk,  when  preserved 
B09T8'— Bnn.  150—12 i  r 
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with  chloroform  or  toluol,  gndoally  increases  in  acidity.  This  in- 
creaae  occut3  when  the  milk  contains  only  the  bacteria  that  ctHne 
from  the  interior  of  the  udder  and  to  which  the  preserratiTe  has  btai 
added  as  soon  as  drawn.  In  a  bottle  of  milk  put  up  in  1898  by  Dr. 
S.  M.  Bahcock  and  preserved  with  an  excess  of  chloroform  an  acidity 
of  0.7  per  cent  was  found  in  1910,  while  the  sugar  content  was  as 
great  as  in  the  fresh  milk,  being  5  per  cent.  This  increase  of  add  has 
been  shown  in  all  samples  of  milk  preserved  by  the  authors.  It  is 
undoubtedly  due  to  the  formation  of  amino  acids  by  the  inhnent 
proteolytic  enzrms  of  tlie  milk. 

In  the  bottles  of  raw  milk  in  the  experiment  two  acid-fonning 
factors  might  be  present :  First,  one  forming  an  acid  from  the  pro- 
tein; second,  the  enzym  of  the  lactic  bacteria  acting  on  the  sugar.  In 
the  bottles  of  heated  milk  only  the  latter  could  be  active,  since  the 
degree  of  heat  was  sufficient  to  destroy  all  the  inherent  enzyms  of 
the  milk.  The  milks  thus  differently  treated  should  show  a  quantita- 
tive difference  in  increase  in  acid  if  the  bacterial  enzyms  were  capable 
of  snch  action.  The  first  bottle  of  the  raw-milk  series  contained  a 
minimum  number  of  bacteria,  since  the  milk  was  but  a  few  hours  old 
and  drawn  tmder  clean  conditions.  The  acidity  in  this  bottle  was 
that  of  the  fresh  milk.  Three  per  cent  of  a  pure  lactic  organism  in 
milk  was  then  added  to  the  remainder  of  the  raw  milk.  The  second 
bottle  was  filled  immediately  after  the  addition  of  the  culture.  The 
milk  was  then  incubated  and  at  varying  intervals  bottles  were  filled 
and  toluol  added.  The  first  acid  determinations  were  made  at  once 
after  adding  the  toluol  to  each  bottle.  It  will  be  noted  in  Table  13 
that  the  acidity  in  the  case  of  the  raw  milk  varied  from  0.184  to  0.403 
per  cent.  The  increasing  acidity  indicated  a  great  increase  in  the 
numbers  of  bacteria,  which  was  also  shown  by  microscopiofd  prepa- 
rations made  from  each  bottle  at  the  time  the  preservative  was  added. 

The  set  of  bottles  filled  with  heated  milk  were  treated  in  the  same 
manner  as  the  raw  milk.  The  first  bottle  of  this  set  contained  prac- 
tically no  living  bacteria.  The  acidity  in  the  case  of  the  remainder 
ranged  from  0.20!1  fo  0.456  per  cent. 

In  order  to  determine  how  long  the  cells  persisted  in  an  active  con- 
dition, tubes  of  milk  were  heavily  inoculated  from  the  various  bottles. 
The  results  are  given  in  Table  12. 
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The  results  of  the  inoculation  of  sterile  milk  show  that  no  growth 
could  have  taken  place  in  the  bottles  after  the  addition  of  the  toluol, 
and  that  within  a  short  time  the  lactic  organisms  were  all  destroyed. 
Any  acid  formed  in  the  raw  milk  after  the  fifth  day  must  have  been 
due  in  part,  at  least,  to  the  inherent  proteolytic  enzyms  of  the  milk; 
any  increase  of  acid  in  the  heated  milk  must  have  been  due  to  the 
«nzym5  set  free  by  the  disintegratiug  cells. 

Microscopical  preparations  were  made  at  intervals  from  the  various 
bottles.  The  smears  were  stained  with  a  saturated  aqueous  solution 
of  methylene  blue.  With  this  stain  the  cells  can  be  distinguished 
for  some  time  after  they  can  no  longer  be  demonstrated  by  the  Gram- 
"Weigert  stain,  which  hag  been  used  in  the  examination  of  smears 
direct  from  cheese  (See  p.  32.)  In  raw  milk  the  cells  were  agglu- 
tinated into  laig«  dumps.  Ite  number  in  the  preparations  made 
at  various  interv-ala  became  less  and  less,  and  after  45  days  they  had 
completely  disappeared.  As  the  cells  deteriorated  they  stained  more 
and  more  faintly. 

In  the  heated  milk  the  disappearance  of  the  cells  was  less  rapid. 
After  74  days  some  could  be  distinguished,  although  their  outlines 
seemed  to  be  more  or  less  distorted. 

In  the  bottles  the  following  conditions  were  present :  The  mass  of 
cells  varied  widely;  cell  growth  undoubtedly  ceased  as  soon  as  (he 
antiseptic  was  added  and  within  a  few  hours  tbe  cells  were  all  de- 
stroyed, having  been  killed  while  in  an  active  condition  by  an  agent 
that  is  supposed  to  have  the  minimum  effect  on  the  intracellular 
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enzytns.  The  cells  disintegrated  more  or  less  rapidly.  It  would 
se«n  that  if  any  acid-forming  enzyms  were  present  in  the  bacterial 
cells  they  should  manifest  themselves  under  these  conditions  by  the 
formation  of  acid.  Acid  determinations  were  made  with  the  greatest 
precautions  possible  under  the  conditions  of  the  experiment.  The 
results  are  ^%'en  in  detail  in  Table  13 : 

Tabig  13. — Increase  of  additji  in  mUk  preaerved  itiith  S  per  cent  toluol. 
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From  the  ccmditiona  of  the  experiment  it  is  to  be  expected  that 
the  increase  of  acidity  in  the  raw  milk  would  be  greater  than  in  the 
heated  milk,  and  that  if  the  bacterial  enzyms  were  operatiye  the 
increase  in  acid  would  be  directly  proportional  to  the  amount  of 
enzym  present  or  to  the  mass  of  cells.  It  will  be  noted  that  these 
are  the  conditions  shown  to  be  present  by  the  figures  given  in  the 
table.  The  data  from  three  bottles  of  eadi  of  the  raw  and  heated 
milks  are  given  in  graphical  form  in  figures  1  and  2.    The  bottles 


XHCBEASB  OF  ACIDITY  IN   HILE. 


Fio.  1. — lQ«r«ase  of  acldltr  Id  raw  milk  prMerred  with  S  per  cent  tolnol.  Bottle  1 
t&lned  tli«  mlnlmiun  numb«r  of  bacteria,  bottle  7  the  mulmam,  and  ttottle  1 
IntennedlkU  Dumber. 


- 

*e.or. 

' 

' 

WC^ 

-Eon 

■  SKt 

CENT 

ttiKL 

« 

, 

- 

^ 

" 

i» 

__ 

,, 

.— 

- 

- 

!= 

■ ' 





_^_ 

— 

» 

_ 

-- 

* 

... 

•     30 

1    ■«   . 

1    04 

1  «a  : 

1    TS    1 

""  ' 

i    •» 

a  »* 

.,.. 

■"" 

■" 

Dij.iML,  Google. 


80  BACTEKIOLOOY  OF  CHEDDAB  CHEEBB. 

selected  were  the  ones  containing  the  minimum  and  maximum 
numbers  of  bacteria  and  an  intermediate  bottle  from  each  set.  The 
curves  presented  show  the  results  to  be  entirely  consistent  with  what 
might  be  expected. 

In  order  to  make  the  comparisons  more  easy  there  are  given  in 
Table  14  the  rate  of  daily  increase  for  each  bottle  of  the  two  sets, 
The  difference  between  the  increase  of  acid  in  the  raw  milk  and  the 
heated  milk  should  give  the  increase  in  the  raw  milk  due  to  the 
inherent  enzyms  of  the  milk.  This  increase  should  be  constant,  or 
nearly  so,  since  the  same  amount  of  enzym  was  operative  in  each 
bottle,  although  under  somewhat  different  conditions,  as  regards 
acidity  in  the  different  bottles. 
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It  will  be  noted  that  the  daily  increase  is  proportiraial  to  the 
amount  of  bacteria  present,  and  that  the  daily  increase  due  to  the 
inherent  enzyms  of  milk  is  as  constant  as  could  be  expected.  The 
comparison  has  been  made  bottle  for  bottle  in  the  two  series.  This 
introduces  an  error,  since  the  amount  of  bacterial  cells  present  in 
the  compared  bottles  of  raw  and  heated  milk  was  not  always  the 
same.  In  the  case  of  bottles  2  and  9,  which  are  compared,  the  Initial 
acidity  was  identical,  while  in  the  case  of  bottles  6  and  13j  which  are 
also  compared,  the  initial  difference  in  acidity  was  0,083  per  cent. 
The  results  seem  to  leave  no  doubt  concerning  the  presence  of  an  acid- 
forming  enzym  in  the  organisms  of  the  Bacterium  lactis  acidi  group 
that  acts  on  the  milk  sugar.  It  might  be  thought  that  the  increase 
in  acidity  was  due  to  the  production  of  amino  acids  by  a  proteolytic 
enzym.  In  this  case  the  soluble  nitrogen  must  be  augmented.  That 
jthis  does  not  occur  has  been  shown  by  numerous  investigators. 

The  experiment  was  repeated  in  full  detail  with  identical  results. 
The  increase  in  acid  can  not  be  asserted  to  be  due  to  the  formation  of 
lactic  acid,  since,  of  course,  no  qualitative  tests  could  be  made  in  the 
presence  of  the  lactic  acid  present  in  the  milk  at  the  beginning  of 
the  experiment. 
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It  is  true  that  in  cheese  the  sugar  disappears  within  a  few  days, 
and  the  enzym  which  was  active  under  the  conditions  of  the  experi- 
ment could  therefore  not  be  active  in  cheese.  This  group  of  organ- 
isms has  been  believed  to  be  peculiarly  deficient  in  enzyms.  It  has 
even  been  claimed  that  they  were  the  only  bacteria  devoid  of  cata- 
lase;  no  proteolytic  enzyms  have  been  demonstrated  in  them,  and 
heretofore  none  acting  on  carbohydrates  with  the  formation  of  acid. 
It  is  very  probable  that  various  classes  of  enzyms  are  formed  by  the 
lactic  bacteria.  As  has  been  shown,  a  considerable  part  of  the  mass 
of  the  cheese  consists  of  the  cells  of  these  organians,  which  slowly 
diantegrate  and  their  intracellular  products  are  set  free.  It  is  not 
at  all  improbable  that  these  products  are  the  casual  agents  of  changes 
that  occur  in  the  cheese,  and  that  the  roles  of  the  lactic  bacteria  are 
not  limited  to  those  previously  mentioned. 

OTHSR  GROUPS  OP  BACTERIA  IN  CHEDDAR  CHEESE. 

It  is  difficult  to  conceive  that  the  varied  chemical  changes  that 
occur  during  the  ripening  of  Cheddar  cheese  can  be  due  directly  or 
indirectly  to  the  lactic  bacteria  alone.  It  seems  as  though  other 
biological  factors  must  be  operative,  but,  as  was  previou^y  stated, 
no  one  has  demonstrated  the  constant  occurrence  in  large  numbers 
of  any  other  group  of  bacteria  than  the  lactic  group  in  Cheddar 
cheese.  With  the  purpose  of  making  a  more  complete  examination 
of  the  cheese  during  the  entire  ripening  period,  the  plate-culture 
work  has  been  supplunented  by  other  methods. 

DETERMINATIONS  BY  MILK -DILUTION  AND  PLATE- CTTLTDRE  METHODS. 

Since  no  solid  medium  seemed  to  promise  better  results  than  the 
standard  media  hitherto  employed,  milk  was  chosen  as  the  medium 
most  likely  to  permit  of  the  growth  of  other  groups  of  bactraia 
possibly  present.  In  a  previous  publication*  data  concerning  the 
distribution  of  a  group  of  rod-shaped  lactic  bacteria  in  milk  and 
other  dairy  products  have  been  given.  Among  these  organisms  are 
included  those  found  in  many  fermented  milks,  the  Bacillus  Tiul- 
fforiciis  group,  also  the  B.  casei  group,  to  which  the  work  of  Von 
Freudenreich  and  Jensen  has  attracted  attention,  as  well  as  many 
of  the  acidophilous  organisms  found  especially  in  the  alimentary 
tracts  of  animals.  These  organisms  were  found  to  be  constantly 
present  in  milk,  butter,  and  in  all  the  samples  of  Cheddar  cheese 
examined.  No  quantitative  analyses  of  cheese  were  made,  however, 
in  the  work  to  which  reference  has  berai  made. 

'HaattDgi,  E.  O. ;  Hsmmer,  B.  W.;  and  IIolTmaD.  C.     Stndlex  on  the  bacterial  and 
teacDcyt'e  conteat  of  milk.    Wlscoiuln  Agrlcultaral  Eip<rIm«Dt  Station,  Rcsearcli  Bulletin 
""    "       L  Jane,  1809.  ' 
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Von  Freudenreich's  work  showed  the  constant  presence  in  large 
numbers  of  the  lactic  bacilli  in  Emmental  cheese.  In  the  making 
of  this  di«ese  they  are  added  to  the  milk  in  great  numbws  in  the 
natural  whey  rennet  employed,  and  the  high  temperature  of  tht 
curd  during  the  pressing  of  the  cheese  favors  their  development. 
These  organisms  find  a  more  favorable  condition  for  growth  in  milk 
than  in  any  of  the  usual  media,  indeed  some  of  the  members  of  the 
group  can  not  be  cultivated  except  in  milk. 

With  the  idea  of  determining  the  number  of  the  organisms  of 
this  group  in  cheese,  inoculations  in  varying  dilutions  were  made 
from  cheese  emulsions  into  flasks  of  sterile  milk,  which  -were  pro- 
tected from  evaporation  by  tin-foil  caps  and  incubated  at  37°  C. 
The  dilutions  increased  by  a  ratio  of  10,  thus  flasks  of  milk  in  the 
case  of  a  single  cheese  might  be  inoculated  with  amounts  of  a  cheese 
.  emulsion  representing  0.001,  0.0001,  and  0.00001  gram.  The  extent 
to  which  the  dilutions  were  carried  depended  on  the  age  of  the 
cheesa  An  attempt  was  constantly  made  to  carry  the  dilutions  to  a 
point  where  some  of  the  flasks  would  remain  sterile.  The  method 
is  thus  a  quantitative  one  for  bacteria  that  will  grow  under  the 
conditions  obtaining.  The  dilution  method  is  to  be  considered  a 
rough  way  of  determining  the  number  of  certain  classes  of  bacteria. 

After  incubation  for  one  month  at  37°  C.,  the  acidity  of  each  flask 
was  determined.  The  Bacterium'  lactia  acidi  group  of  organisms 
produce  in  average  milk  an  acidity  ranging  from  0.7  to  1.25  per  cent. 
The  lactic  bacilli  produce  an  acidity  usually  exceeding  1,25  per  cent. 
It  has  been  the  practice  to  infer  that  every  flask  of  milk  showing  an 
acidity  above  1.25  per  cent  after  one  montli's  incubation  contains  the 
lactic  bacilli,  either  in  pure  culture  or  mixed  with  organisms  of  the 
Bacterium  lactis  acidi  group.  In  the  flasks  showing  an  acidity  less 
than  1.25  per  cent  it  can  not  be  inferred  that  the  lactic  bacilli  are 
absent,  since  some  cultures  are  found  that  produce  no  more  acid  than 
Bacteriumi  lactis  acidi.  Many  microscopical  examinations  were  made 
of  the  flasks  to  establish  the  accuracy  of  the  conclusions  drawn  from 
the  data  obtained  by  titrations.  Microscopic  examinations  were  also 
made  of  all  the  flasks  from  which  the  titrations  did  not  give  con- 
clusive evidence  concerning  the  organisms  present.  The  smears  were 
stained  with  Gram's  stain  and  decolorized  with  a  mixture  of  one  part 
of  anilin  oil  and  two  parts  of  xylol.  This  method  of  decolorizing 
removes  the  stain  from  the  casein,  but  not  from  any  of  the  organisms 
that  have  been  found  in  cheese. 

The  dilution  method  thus  gives  information  concerning  the  ab- 
solute and  relative  number  of  acid-forming  bacteria  of  these  two 
groups.  It  may  also  give  information  concerning  the  presence  of 
still  other  types  of  bacteria  when  they  are  present  in  greater  numbers 
than  those  of  the  groups  already  referred  to,  since  they  will  then 
appear  in  the  flasks  in  pure  culture. 
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In  Table  15  are  given  the  results  of  the  analysis  of  four  c 
A  portion  of  the  data  has  been  presented  in  Table  2  and  is  here 
repeated  for  ease  of  comparing  the  numbers  of  bacteria  as  determined 
by  plate-culture  methods  and  l^  the  dilution  method.  It  will  be 
noted  that  the  dilution  method,  as  a  rule,  gives  higher  results  than 
the  plate  culture.  Out  of  49  determinations,  the  dilution  method 
gav&  higher  results  than  the  lactose-agar  plate  determinations  in  30 
cases.  It  is  probable  that  the  dilution  method  always  gives  higher 
results.  If  the  results  show  a  growth  in  s  dilution  of  1  to  10 
millions,  while  the  dilution  of  1  to  100  millions  gives  a  negative 
result,  it  can  only  be  asserted  that  the  bacterial  content  of  the 
cheese  was  between  10  and  100  millions.  It  will  be  noted  that 
the  dilution  method  often  shows  many  fold  more  bacteria  than 
the  plate  cultures,  and  that  the  reverse  is  not  often  true.  In 
cases  where  the  latter  gives  the  higher  number,  the  excess  is  not 
great,  only  three  or  four  times  greater.  The  only  explanntion  that 
can  be  given  of  the  higher  numbers  obtained  by  the  dilution  method 
is  that  some  types  of  bacteria  present  in  the  cheese  that  do  not  appear 
on  the  plate  cultures  find  conditions  favorable  fm-  growth  in  the  milk. 
The  results  obtained  by  the  dilution  method  indicate  that  other 
organisms  than  the  Bacterium  laptis  aoidi  group  are  present  in  the 
cheese,  undoubtedly  in  great  numbers. 

Table  15.— .Vumber  of  bacteria  per  gram  of  cheeie  aa  determined  on  lactote 
agar  and  gelattn  plates,  and  in  fiasks  of  milk  inoculated  with  htffk  dilutioiu 
of  cheete. 
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From  the  results  obtained  from  the  determinations  of  the  degree 
of  acidity  attained  by  the  flasks  of  milk  inoculated  with  varying 
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amonnts  of  cheese  emulsion,  and  fr<Mn  the  microscopic  ezanuitati(His 
of  the  same  flasks,  it  has  been  possible  to  detennine  the  relations 
existing  between  the  different  groups  of  acid-forming  organisms,  as 
well  as  their  absolute  numbers. 

Table  16  has  been  constructed  from  such  data.  For  ease  in  cnn- 
parison  the  same  data  are  expressed  in  Table  17  in  percentages,  and 
two  additional  cheeses  are  also  included  in  the  latter  table.  It  will 
be  noted  from  the  data  presented  in  Table  17  that  during  the  early 
part  of  the  ripMiing  period  the  tn-ganisms  of  the  Bacterivm  larf'n 
acidi  group  make  up  over  90  per  cent,  and  in  many  cases  approxi- 
mately 100  per  cent,  of  the  acid-producing  flora  of  the  cheese.  With 
increasing  age  the  ratio  changes,  until  late  in  the  ripening  period 
the  rod-shaped  lactic  bacilli  predominate,,  and  in  many  cases  make 
up  over  90  per  cent  of  the  acid-forming  bacteria  found  in  the  cheese. 

It  will  also  be  noted  from  the  data  given  in  Table  15  that  the  period 
at  which  the  maximum  number  of  bacteria  is  found,  as  determined 
by  the  dilution  method  in  milk,  is  coincident  with  the  appearance  oi 
the  lactic  bacilli,  as  shown  in  Table  16.  Using  any  culture  medium 
that  furnishes  favorable  conditions  for  the  growth  of  both  groups 
of  lactic  bacteria,  the  maximum  number  of  organisms  should  be 
found  at  the  time  when  the  group  first  to  appear — the  Bacterium 
lactis  acidi  group — has  attained  its  maximum  development,  but  be- 
fore any  considerable  number  of  the  cells  have  died,  and  at  the  time 
when  the  second  group  of  organisms  finds  favorable  condititms  ioi 
growth  in  the  cheese. 
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Since  some  of  the  lactic  bacilli  develop  on  lactose  agar  plates,  it 
Was  thought  that  if  all  of  the  colonies  on  a  certain  porticm  of  each 
plate  were  inoculated  into  milk  one  should  obtain  information  con- 
cerning the  sequence  of  development  of  the  different  groups  of  lactic 
bacteria  in  the  cheese  and  also  concerning  the  ratio  existing  between 
them. 

For  this  purpose  an  area  showing  well-isolated  colonies  has  been 
circiunacribed,  and  every  colony  within  the  area  has  been  inoculated 
into  milk.  It  has  been  inferred  that  all  tubes  that  curdled  within 
48  hours  at  37°  C.  contained  Bacterium  lactis  acidi,  while  those  that 
curdled  between  the  second  and  tenth  day  contained  the  lactic  bacilli. 
Enough  control  work  was  done  to  show  that  this  method  of  differen- 
tiation is  sufficiently  accurate  for  the  purpose  in  hand.  The  tubes 
that  did  not  curdle  in  10  days  were  examined  microscopically  to 
determine  the  organism  present. 

Six  cheeses  have  been  thus  examined  at  frequent  intervals  during 
the  period  of  ripening.  The  data  are  given  in  Table  18.  It  will  be 
noted  that  the  results  are  confirmatory  of  those  obtained  by  the  dilu- 
tion method  in  milk,  although  not  so  striking,  since  many  of  the 
lactic  bacilli  do  not  develop  on  the.  plate  cultures.  The  period  at 
which  the  lactic  bacilli  appear  is  later  than  in  the  previous  exami- 
nations (Table  IC),  which  demonstrated  their  presence  in  consider- 
able numbers  within  the  first  week  of  the  ripening  period.  The  pre- 
vious examinations  were  made  with  dilution  cultures  in  milk.    In 
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such  the  lactic  bacilli  may  make  themselves  evident  when  th^  are 
present  in  very  small  numbers  as  compared  with  the  Bacterium  laoUt 
acidi.  With*  the  plate-culture  method,  unless  they  are  present  in 
considerable  numbers,  their  presence  in  the  cheese  is  not  likely  to  be 
detected.  This  error  in  the  method  has  been  previously  pointed  out 
In  the  plate  cultures  they  are  likely  to  be  missed  unless  they  are  pres- 
ent in  a  ratio  of  1  to  10  of  Bacterium  lactis  acidi. 

The  same  cheeses  have  also  been  examined  by  the  dilution  method 
in  milk.  The  results  are  given  in  Table  19.  It  will  be  seen  that 
they  are  c(»ifirmatot7  of  the  previous  analyses. 

The  great  delicacy  of  the  dilution  method  as  a  means  of  detecting 
the  lactic  bacilli  in  the  presence  of  Bacterium  lactis  acidi  is  shown 
in  the  results  given  in  Table  19.  On  the  examination  of  cheese  308C 
at  two  days  the  percentage  of  Bacterium  luetis  acidi  is  given  as 
99.9999  and  that  of  lactic  bacilli  as  0.0001.  By  this  is  meant  that 
Bacterium  lactis  acidi  was  detected  in  dilutions  approximately  one 
million  times  greater  than  the  lactic  bacillL  For  example,  the  acidity 
of  the  fla^k  inoculated  with  one  ten-thousandth  gram  of  cheese  was 
1.64  per  cent,  thus  indicating  the  presence  of  lactic  bacilli,  while  the 
flask  inoculated  with  one  ten-billionth  gram  of  the  cheese  had  an 
acidity  of  0.87  per  cent,  indicating  Bacterium  lactis  acidi. 
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Table  19. — The  ratio  betieeea  the  numbere  of  Baclertuni  laotig'acidi  and  the 
lactic  bacUH  at  different  ttaget  in  the  ripei^ng  of  Cheddar  cheeie,  as  deter- 
mined b]/  mitl>iUuUon  method. 
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It  must  not  be  inferred  that  the  fibres  g^ven  in  the  tables  repre- 
senting the  results  obtained  by  the  dUutioa  method  indicate  the  ex- 
act number  of  the  different  groups  of  lactic  cnrganisms  or  the  exact 
ratio  existing  between  them.  The  sudden  increase  or  decrease  of  the 
ratio  is  due  to  the  inherent  errors  of  the  dilution  method.  It  would 
be  an  endless  task  to  show  by  this  method,  or  any  other,  m  fact,  the 
exact  proporti(Hi  between  the  different  types  of  organisms  in  the 
cheese  at  various  stages  in  the  ripening  period. 

From  the  data  presented  there  would  seem  to  remain  no  doubt  that 
the  lactic  bacilli  develop  later  than  the  Bacterium  lactit  aoidi  group, 
making  their  appearance  within  a  week  or  10  days  after  the  cheese 
is  made,  gradually  increasing  in  numbers  and  probably  attaining 
their  maximum  during  the  first  month  and  then  gradually  decreasing 
iQ  numbers.  The  number  found  per  gram  of  the  cheese  ranges  from 
a  few  million  to  one  billion.  Usually  they  do  not  attain  such  great 
numbers  as  do  the  ordinary  lactic  bacteria.  Again,  their  numbers 
may  equal  the  lactic  bacteria,  as  in  cheese  No.  1,  Table  16. 


DETKBMINATIONB  BT  MICROSCOPIC  EXAMINATION   OF  THE  CHEESE, 

It  was  also  thought  that  the  gradually  changing  flora  should  mani- 
fest itself  in  the  appearance  of  microscopic  preparations  made  from 
the  cheese.    At  the  various  periods  of  sampling  smear  preparations 
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were  made  from  the  emulsions  and  stained  with  Gram-Weigett's 
stain  as  described  on  page  32. 

The  preparations  show  in  a  general  way  the  same  change  in  &on 
as  has  already  been  made  evident  by  the  analyses  i^-esented.  It  is 
not  to  be  expected  that  the  microscopic  examination  would  give  re- 
sults as  striking  as  the  cultural,  since  the  Utt«r  measures  the  living 
cells,  the  former  only  those  cells  that  have  not  lost  their  staining 
properties. 


Ha  DAYS  1 69 DAYS 

F(o,  3,— Typical  mlcrcncoplc  Oeldi  from  cbeeM  No.  M  Rt  different  lUxes  In  tha  lipentni: 

proem.     (Camara  loctda  <Inwlii«B.) 

Figures  3  and  4  have  been  prepared  frmn  camera-lucida  drawings 
of  typical  microscopical  fields  of  several  slides  made  from  2  cheese& 
The  results  of  the  cultural  examination  have  been  presented  in 
Tables  15  and  16.  Figure  S  shows  that  at  2  and  67  days  the  organ- 
isms are  almost,  if  not  wholly,  of  Bacterium  laetU  actdi  groap;  it 
112  days  there  is  a  preponderance  of  Bacterium  lactis  acidi  and  a  few 
lactic  bacilli,  while  at  189  days  but  few  Bacterium  lactit  acidi  cells 
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remain,  the  lactic  baciUi  having  bec(wae  more  evident.  Figure  4  in- 
dicates likewise  that  at  29  and  78  days  the  organisms  are  wholly  of 
the  Bacterium,  lactit  acidi  group,  while  at  121  and  185  days  a  decrease 
is  seen  in  Beutterium  lactia  acidi  and  an  increase  in  lactic  bacilli.  It 
will  be  noted  that  rod-shaped  organisms  do  not  appear  nearly  as 
soon  as  would  be  indicated  by  the  cultural  analyses,  but  that  they 
do  at  last  appear,  especially  when  the  cells  of  the  lactic  bacteria  have 
greatly  decreased  in  numbers.    This  may  again  be  taken  as  evidence 
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Fio.  4. — TTpicat  mlerosccvie  flelds  from  cbeeee  No.  91  mt  different  p«rloda  In  the  rlpenlni 

proceBS.     (Ckmeni  loclda  dctwlog*.) 

that  the  lactic  bacilli  develop  subsequent  to  the  Bacterium  lactis 
acidi  group  and  that  they  tend  to  disappear  less  rapidly. 

DISAPPEARANCE  OP  BACTERIAL  CELLS  IN  CHEESE. 

The  drawings  presented  in  figures  3  and  4  are  evidence  of  the  grad- 
ual disappearance  and  disintegration  of  the  bacterial  cells  in  cheese. 
It  is  a  well-known  fact  that  the  enzyms  elaborated  by  bacteria  in 
pure  cultures  continue  to  act  long  after  the  death  of  the  cells.    There 
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are  mftny  reasons  for  believing  that  there  is  no  enzym  action  until 
cell  disintegration  begins.  It  has  been  previously  shown  that  the 
Bacterium  lacHa  acidi  group  of  bacteria  elaborate  enzyms  that  are 
able  to  increase  the  acidity  of  milk.  A^  previously  indicated,  it  may 
be  surmised  that  still  other  types  of  enzyms  are  formed  by  this  group 
of  bacteria.  The  direct  influence  of  the  inunense  number  of  acid- 
forming  bacteria,  amounting  to  billions  per  gram,  must  be  of  great 
importance  in  cheese  ripening;  the  indirect  action  through  their 
enzyms  may  be  still  greater. 

It  is  certainly  true  that  in  normal  Cheddar  cheese  the  period  of 
development  of  the  ordinary  lactic  bacteria — the  organisms  which 
heretofore  have  been  believed  to  be  the  only  ones  of  importance  in 
cheese  because  of  their  constant  presence  in  great  numbers — is  fol- 
lowed by  the  development  of  another  group  of  organisms,  which, 
while  they  ferment  milk  sugar,  producing  lactic  acid,  must  have 
some  other  source  of  carbon  in  cheese  on  account  of  the  total  disap- 
pearance of  the  sugar  before  their  maximum  period  of  development. 
The  influence  of  the  first  group  has  been  pointed  out  early  in  this 
paper.  The  rdle  of  the  second  group  can  not  at  this  time  be  de- 
termined, but  because  of  their  constant  presence  in  nambers,  approxi- 
mating if  not  equaling  those  of  the  first  group,  their  influence  on 
the  ripening  of  the  cheese  can  not  be  a  minor  one. 

DETAILED  STUDY  OP  LACTIC  BACILLI. 

The  work  of  Von  Freudenreich  and  numerous  later  investigators 
indicates  that  the  lactic  bacilli  represent  a  group  with  certain  com- 
mon characteristics,  such  as  morphology,  optimum  temperature  for 
growth,  and  to  some  extuit  in  the  production  of  compounds  from  the 
sugar  fermented.  In  all  fields  of  bacteriology  it  is  difficult  at  the 
present  time  to  draw  the  boundary  lines  of  any  group  of  bacteria. 
The  placing  of  the  lactic  bacilli  found  in  cheese  in  a  single  group 
may  be  incorrect,  but  because  of  the  fact  that  all  the  cultures  studied 
have  cert-ain  characters  in  common,  it  seems  best  to  discuss  them  as 
a  single  group,  although  more  detailed  study  might  divide  them  into 
a  number  of  groups.  A  comparative  study  has  been  made  of  20  pure 
cultures  isolated  in  the  coursie  of  the  work.  The  main  facts  of  this 
study  are  here  presented.  All  the  cultures  were  isolated  frcnn  cheese 
with  the  exception  of  No.  160,  which  was  obtained  from  milk.  Cul- 
tures 58A  and  fiSB  represent  different  colonies  from  plates  made  to 
insure  the  purity  of  the  cultures  to  be  used  in  the  detailed  study. 
The  differences  noted  in  the  study  of  these  two  cultures  orig^ally 
from  the  same  culture  illustrate  the  differences  one  may  expect  to 
obtain  in  cultural  work. 

The  action  of  the  different  cultures  in  milk  is  given  in  Table  20,  in 
which  they  have  been  arranged  according  to  the  degree  of  acidity 
produced  in  milk.  /  ~  t 
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AdDirr  FSODUCS). 

It  will  be  noted  frtsn  the  data  in  Table  20  that  both  the  rate  of 
acid  development,  and  hence  the  time  required  to  curdle  milk,  as 
well  83  the  maximum  amount  of  acid  produced,  varies  widely,  the 
acidity  varying  from  0.91  per  cent  to  2.31  per  cent.  The  acidity 
produced  by  each  culture  increased  after  the  tenth  day.  Since  the 
flasks  were  protected  by  tin-foil  caps,  this  increase  can  not  have  been 
due  to  evaporation. 

White  and  Avery,*  in  studying  cultures  from  fermented  milks, 
noted  the  same  differences  in  acid  production.  They  established 
two  groups,  one  producing  an  acidity  in  milk  of  about  1  per  cent, 
the  other  of  3  per  cent,  in  10  days.  Sudi  a  division  of  the  cultures 
studied  could  not  be  made, 

Sogers '  states  that  a  typical  culture  of  the  lactic  bacilli  from 
fermented  milk  produces  nearly  3  per  cent  of  acid  in  three  days  at 
37°  C.  Von  Freudenreich  and  Thoni*  studied  cultures  from  Em- 
niental  cheese  that  produced  from  0.2  to  1.26  per  cent  of  acid  in 
whey  to  which  peptone  had  been  added. 

Out  of  the  several  hundred  titrations  made  of  milk  inoculated 
with  cheese  emulsions  but  15  showed  an  acidity  above  2  per  cent. 
When  raw  milk  is  incubated  at  37°  C,  the  acidity  will  often,  if  not 
in  the  majority  of  cases,  exceed  2  per  cent  and  at  times  may  reach 
3.5  to  4  per  cent.  It  would  thus  seem  that  certain  lactic  bacilli  pres- 
ent in  milk  do  not  Bnd  favorable  conditions  for  development  in 
Cheddar  cheese. 

FOSMS  OF  lACnC  ACID  PRODUCBD. 

A  number  of  investigators  have  determined  the  rotary  power  of 
the  lactic  acid  formed  by  the  lactic,  bacilli.  Bertrand  and  Weis- 
weiller*  concluded  that  the  acid  was  a  mixture  of  the  levo  and 
dextro  forma,  with  a  slight  predominance  of  the  latter. 

>  White,  B«iL]Miilii,  uid  Arerr,  Oswald  T.  ObMrrstloiu  on  certain  lactic  acid  bacteria 
of  the  M>-called  Bnlgariciu  tjiie.  Centralblatt  Iflr  Bakterlologlc,  Panultcnknnde  nod 
Infektlonikmikfaetten,  AbteDDng  2,  vol.  £6,  No.  G/0,  pp.  1G1-IT8.     Jena.  Not.  30,  1900. 

'Rogers,  L.  A.  Fermented  mllka.  United  States  Departmeat  of  Agiicnltnre,  Boreaa 
ot  Animal  Indoatrr,  Twentj-Klith  AnoDal  Bepart  (1900).  pp.  133-161.  Wa«blilfftoD,  1911. 
Beprlnted  aa  Bnreao  of  Animal  Indnatrj  Circular  171,  Waablnicton,  1911. 

•Ton  Freudenreich,  Edward,  and  TbSnl,  J.  Sur  Taction  de  dUTfeenta  fermenta  lae- 
tlqoe*  Bar  la  maturation  du  froma^e.  BcToe  Q«nerale  dn  Lalt,  vol  1,  No.  8.  pp.  169-181, 
Jan.  30 ;  No.  9,  pp.  200-209,  Feb.  IS ;  No.  10,  pp.  22E-232,  Feb.  28 ;  No.  11,  pp.  247-269. 
War.  IS.     Llerre.  1906. 

'  Bertrand,  Gabriel,  mv]  Welawelller.  Ouatav.  Action  dn  ferment  bnlgare  bot  le  lalt 
Annalea  de  InBtltat  FaaWor,  vol.  20,  No.  12,  pp.  &TT-990.     Paris,  Dec.  2B,  1006. 
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Table  20.— Action  of  lactic  bacilU  In  mUk. 
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H«ineinaiin  and  Hefferan'  repn^  the  formatioD  of  an  mactive 
acid,  while  White  and  Avery  *  found  that  the  organisms  that  pro- 
dnoed  a  large  amount  of  acid,  8  per  cent,  formed  an  inactive  acid, 
whereas  the  cultures  that  formed  acid  slowly  and  in  smaller  amounts 
showed  a  levo-rotary  power  at  the  end  of  24  hoars,  but  in  older 
cultures  there  were  approximately  equal  amounts  of  levo  and  of 
inactive  acids. 

The  rotary  power  of  9  of  the  cultures  studied  was  determined  by 
Dr.  J.  M.  Currie.  Four  of  these  produced  inactive  acid ;  1  produced 
inactive  and  levo  acid,  with  a  predominance  of  the  inactive  form ; 
2  produced  a  mixture  of  deztro  and  inactive  acids,  with  a  predomi- 
nance of  the  deztro-rotatoty  f<»m;  and  the  remaining  2  produced 
pure  deztro  acid.  One  culture  isolated  frun  milk,  of  which  no  other 
study  was  made,  produced  pure  levo  acid.  With  11  cultures  isolated 
from  other  sources  than  milk  or  cheese,  only  the  pore  dextro  or  pure 
inactive  acids  were  found. 

This  type  of  organinn,  then,  can  produce  inactive  acid,  or  active 
acid  of  either  modification,  or  a  mixture  of  the  inactive  acid  with 
either  of  the  active  acids.  All  of  these  forms  were  found  in  cultures 
isolated  from  Cheddar  cheese,  with  the  exception  of  the  pore  levo 
acid. 

TVPB  OF  CURD  PBODUCEa). 

In  most  of  the  more  active  cultures  the  reduction  of  litmus  and  the 
return  of  color  proceeded  in  exactly  the  same  manner  as  in  a  litmus- 
milk  culture  of  Bacterium  lacHs  acidi.  On  the  other  hand,  curdling 
took  place  with  only  a  sli^t  or  partial  reduction  of  the  litmus  in 
some  cultures. 

■  Hetaraituiii,  P.  G.,  and  H^eran.  Mrt7,  A  utodr  of  Badlini  Bulgarlcni.  Jonraal  of 
iDtectlonH  DlaeucB.  vol   8,  No.  3,  pp.  804-318.    Cbicago,  Jnne  12,  ISOO. 

*  White,  BODJanilii,  and  Arerr,  Oswald  T.  ObserratloDi  od  certain  lacMe  acid  bacteria 
of  t&e  Bo-called  Bolcarlmi  trp*.  Centmlblatt  for  Bakterlologle,  Parasltenkaode  nnd 
InfrttlaiUiknnUielten,  Abtelliing  2,  vol.  2B,  No.  6/B,  pp.  Iftl-ITS.    lena,  Not.  SO,  1B08. 
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There  was  a  ^ight  gas  formation  in  most  of  the  cultures,  evidence 
of  which  was  found  in  the  slight  furrows  or  tiny  holes  which  stMne- 
times  appeared  in  the  curd.  These  gas  holes  were,  however,  not 
always  found  in  curds  from  the  same  culture.  Although  most  of  the 
organisms  grew  in  lactoae-agar  shake  cultures,  no  gas  formation  was 
noted  in  any  case. 

rSBXENTATION  OF  SnoASS. 

Sixteen  of  the  cultures  were  tested  as  to  their  power  to  ferment 
sugars.  The  cultures  were  incubated  eight  days  at  37°  C  The  test 
for  growth  and  fermentation  of  the  sugar  was  the  reddening  of 
litmus  paper.  The  results  are  given  in  Table  21.  All  of  the  strains 
tested  except  one,  Xo.  128,  grew  in  glucose  bouillon.  Many  of  the 
strains  made  no  growth  or  only  a  feeble  growth  (indicated  by  the 
sign  it)  in  maltose  and  sucrose  bouillon,  although  all  except  No.  128 
grew  in  one  or  the  other,  or  both,  of  these  sugars. 


TABLE  Zl.—arowth  of  lactk)  hacilH  iH  culture  media 
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FORM   OF   COLONIES. 

The  growth  upon  lactose  agar  and  ordinary  gelatin  was  deter- 
mined in  plate  cultures  on  the  same  media  that  was  used  for  the 
bacteriological  analysis  of  cheese.  Growth  was  obtained  in  lactose- 
agar  plate  cultures  frran  every  strain  except  No.  128.  There  was  a 
good  growth  in  most  of  the  cultures,  althou^  with  some'  only  a  few 
colonies  developed.  When  the  plates  were  incubated  for  several 
days  the  colonies  continued  to  increase  in  size,  sometimes  attaining 
a  diameter  of  1  mm.  The  surface  colonies  are  round  and  the  deep 
colonies  have  the  common  flattened  elliptical  form.  They  can  not 
be  distinguished  from  the  colonies  of  Baeteiium  lactia  acidi.  This  is 
probably  one  reason  why  previous  investigators  have  failed  to  find 
this  type  of  organism  in  Cheddar  cheese. 

Growth  upon  plates  of  ordinary  gelatin  was  obtained  from  8  of 
the  cultures.     This,  however,  was  not  constant    for  some  strains 


44  BACTBUOLOOT  OF  CHEDDAB  CHEBfiB. 

which  developed  from  one  inocalatioD  failed  to  grow  from  another 
inoculation.  The  rariable  growth  o>f  this  type  of  organism  in  plate 
ealtures  can  account  f<Hr  some  of  the  Inctnaistent  lesolts  obtained  in 
the  quantitative  analysis  of  dieese  by  means  of  lactoee-agar  and  gela- 
tin plates. 

The  readiness  with  which  scane  of  these  cultures  of  lactic  bacilli 
tsolatcd  from  cheese  grow  nptHi  ordinary  media  is  rather  surprising, 
in  view  of  what  has  been  stated  by  many  authors  ctxicemiug  this 
property.  One  of  the  diaracteristics  generally  given  for  this  group 
of  organisms  is  their  meager  growth  upon  ordinary  media.  The  five 
cultures  studied  by  Voa  Freudenreich  failed  to  grow  on  ordinary 
gelatin  or  m  gelatin  to  which  an  extract  of  cheese  had  been  added. 
Cohendy  *  and  L5hnis  *  found  these  oi^nisms  hard  to  cultivate  be- 
cause of  their  reluctance  to  grow  npon  the  ordinary  nutrient  media. 
White  and  Aveiy  state  that  when  freshly  isolated  from  their  natural 
environmait — milk — they  do  not  develc^  on  any  of  the  usual  nutrient 
media,  even  though  sugar  be  present  Heineman  and  Hefferan,  on 
the  other  hand,  state  that  they  grow  well  in  milk,  in  media  prepaied 
from  milk,  or  if  glucose  is  added  to  the  ordinary  media.  All  of  the 
cultures  studied  were  isolated  by  means  of  lactoee-agar  plates  with 
the  exception  of  Xa  128,  which  was  obtained  in  pure  culture  in  thc- 
lUlution  cultures  in  milk. 

THESUAI.  nEATH  POINT. 

The  resistance  of  the  cultures  to  heat  was  determined  on  3-day-oId 
milk  cultures  which  had  been  dUuted  and  shaken  with  water  and 
then  drawn  into  sterile  capillary  tubes.  The  tubes  were  held  for  30 
seconds  in  water  at  various  temperatures.  Most  of  the  cultures  were 
killed  at  some  temperature  between  62°  and  67°  C  Two  cultures 
were  killed  between  60°  and  62.5°  C,  and  two  cultures  were  killed 
at  about  70°  C. 

MOKPHOUMJT. 

The  bacilli  are  nonmotile  and  do  not  bear  spores.  In  a  sinj^e  mi- 
croscopic field  of  a  slide  prepared  from  a  pure  culture  the  organisms 
may  vary  in  length  from  2.5  microns  to  20  or  30  microns  or  more. 
Sometimes  the  filaments  are  very  long.  In  one  of  the  pure  cultures  a 
filament  was  found  75  microns  in  length.  In  one  of  the  mixed  cul- 
tures inoculated  from  cheese  there  was  found  a  filament  which  was 
about  %0  microns  in  length,  extending  four  times  across  the  field  of 

>  Cobendr,  Hlchpl.  EnaJi  d'aMllmatloii  mlerablmnc  pcnistmiite  d>B*  Ik  tkrltf  hitfs- 
tliial&  Comptea  Reiidiu  tlebdonuKbilrca  da  S^kocn  dc  1*  BodMC  da  BMocle,  toL  flO 
<miui«e  HB,  tome  1),  No.  T,  n>-  3«4-366.     ParlB.  Feb.  23,  ISOS. 

tLShnlB,  F.  Vemdi  doer  OTnppIemiig:  der  ItlletiBliiKliaktalML  C«ntn]blktt  tb 
Baktcrtologle,  Fararitenkiuide  nnd  InlekUouknnUMlten,  AbtoUnns  2,  ToL  IS,  No.  4/C 
pp.  9T-14B.    Jenm,  Mai.  14,  1907. 
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the  microscope.  The  filaments  are  apparently  made  up  of  a  number 
of  individual  cells  which  for  B<Hne  reason  do  not  show  the  cell  divi- 
sons,  for  frequently  chains  of  rods  are  found  instead  of  filaments. 
Occasionally  in  a  mixed  culture  from  a  cheese  inoculation  filaments 
were  found  very  much  curled,  or  curled  at  one  end,  but  attempts  to 
isolate  a  culture  which  would  regularly  produce  curled  filam^ts 
always  resulted  in  securing  a  culture  with  the  usual  morphology.  No 
curled  filaments  were  ever  observed  in  pure  cultures.  The  width  of 
the  cells  in  a  pure  culture  se^ns  to  be  fairly  constant ;  in  some  cultures 
the  individual  cells  are  all  slender,  in  other  cultures  tiiey  are  all  com- 
paratively thick.  In  different  cultures  the  width  varies  from  0.4  to 
l.S  microns.    No  branching  forms  have  ever  been  observed. 

When  stained  with  methylene  blue  the  ends  of  the  cells  may  take 
the  stain  much  more  deeply  than  the  remainder  of  the  cell,  or  the 
deeply  stained  spots  may  be  scattered  irregularly  in  the  filament. 
Occasionally  the  deeply  stained  spots  appear  as  tiny  nodules  on  the 
rod.  These  characteristic  staining  properties  are  less  frequently  ex- 
hibited when  stained  by  the  Qram-Weigert  method.  In  a  weakened 
culture  filaments  are  sometimes  found  with  some  of  the  cells  Gram 
positive,  some  of  them  Gram  negative,  and  other  cells  taking  the  stain 
partially. 

Although  there  is  such  a  wide  difference  between  the  cultures  in 
regard  to  the  production  of  acidity  in  milk,  the  other  characteristics 
do  not  differwtiate  a  culture  producing  a  low  acidity  frcMn  one  which 
produces  a  high  acidity.  The  morphology,  however,  seems  to  bear 
some  relation  to  the  acidity  produced,  those  producing  a  high  acidity 
being  more  slender  than  those  producing  a  low  acidity. 

ooNomoNS  roR  osowth  in  cheese. 

It  has  been  pointed  out  that  in  their  development  in  cheese  the 
lactic  bacilli  follow  the  Bacterium  lactis  aeidi  group,  and  that  the 
greater  part  of  the  growth  must  occur  after  the  disappearance  of  the 
sugar.  Since  lactic  acid  is  the  principal  by-product  of  the  fermenta- 
tion of  the  sugar,  it  might  seem  probable  that  the  lactic  bacilli  would 
make  use  of  this  as  a  source  of  carbon  and  of  energy.  Analyses  of 
cheese  ishow  no  decrease  in  lactic  acid '  at  the  period  of  development 
of  the  lactic  bacilli.  This  indicates  that  this  group  of  bacteria  does 
not  act  on  the  lactic  acid. 

The  action  of  the  pepsin  of  the  rennet  extract  activated  by  the 
lactic  acid  results  in  the  formation  of  peptones  from  the  paracasein. 
The  favorable  effect  of  peptone  on  the  lactic  bacilli  is  shown  in  the 

>  Bnsakl,  S.  K. ;  Haatlngi,  B.  O, ;  and  HaH.  E  B.  The  productJon  of  volatile  tatty 
kctds  and  eaterg  In  Cheddar  cheese  and  their  relatloD  to  tbe  derelopmcDt  ot  Savor.  Wla- 
eooalD  ARTlcultanl  Ezperlmeat  Station,  BCMarch  BulletlD  11.  UadiBon.  Jods,  1010. 
See  p.  13S. 
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following  experiment.  SmaU  flasks  containing  100  c.  c.  of  sterile 
milk  were  inoculated  with  cultures  Nos.  6,  92,  91,  and  96.  To  aw 
flask  of  each  set  there  had  been  added  before  stenlization  0.5  gram 
of  peptone,  and  to  another  flask  1  gram.  The  control  flask  received 
no  peptone.  In  Table  22  the  acidity  at  10  days  and  45  days  is  given. 
The  results  show  clearly  that  milk  to  which  peptone  has  been  added 
is  a  better  medium  than  plain  milk  for  the  growth  of  this  group  of 
organisns.  This  was  especially  tme  in  the  case  of  culture  No.  5, 
which  usually  curdled  milk  in  about  11  days,  but  which  curdled  the 
milk  to  which  peptone  had  been  added  in  two  days — more  rapidly 
than  the  most  actdve  cultures  curdle  plain  milk.  The  time  of  curdling 
was  shortened  by  the  peptone  3  days  in  the  case  of  culture  Na  91. 
and  1  day  in  cultures  Nos.  92  and  96.  In  every  case  the  final 
acidity  at  42  days  was  considerably  greater  than  in  plain  milk,  and 
in  every  case  but  one  (culture  No.  91,  at  42  days)  there  was  a  greater 
development  of  acidity  in  the  milk  containing  1  gram  than  in  the 
milk  containing  0.5  gram  of  peptone. 

Incidentally,  this  experiment  shows  that  the  cessation  of  growth 
in  milk  whsn  a  certain  percentage  of  acidity  is  reached,  which  is  t 
fairly  constant  percentage  for  each  particular  culture,  is  not  brou^t 
about  by  the  antiseptic  action  of  the  acid,  but  by  a  lack  of  suitaUe 
nitrogenous  food. 
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The  action  of  the  enzyms  present  in  the  cheese  cuM  brings  abont 
an  increasing  amount  of  soluble  nitrogenous  c(»npound8  so  that  after 
one  month  of  ripening  about  IS  p^  cent  of  the  total  nitrogen  is  in 
the  form  of  wat^-soluble  compounds.'  This  action  must  render  the 
curd  a  medium  favorable  to  the  growth  of  the  lactic  bacilli,  and 
particularly  to  those  strains  similar  to  culture  N'o,  S,  which  grow  so 
slowly  in  nulk,  or  fail  to  grow  therein,  as  frequently  happens. 

The  dependence  of  this  group  of  organism.s  upon  enzyms  from 
other  sources  is  shown  by  growing  them  together  with  other  types 

'Tta  Bljio,  L  Ih  tnd  Uvt,  B.  B.  Condltloi]*  aSectliis  cbemle&l  cbancea  In  Ank- 
rlpenlnit.     New  Xork  AsHcultunl  ExperlmeDt  StatloD,  BDlletlo  238.     Genera,  July,  1B03. 
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of  bacteria.  Marshall  and  Farrand '  have  shown  that  when  PaC' 
ienum  lactit  acidi  grows  in  milk  together  with  certain  other  organ- 
isms there  is  an  associative  action  which  accelerates  the  production 
of  acid  and  the  proliferation  of  cells.  This  quickening  action  was 
found  to  occur  in  the  case  of  57  per  cent  of  the  cultures  grown  in 
association  with  Bacterium  lactia  acidi.  A  similar  action,  but  more 
Itronounced,  takes  place  when  the  lactic  bacilli  grow  in  milk  together 
Tvith  certain  other  types  of  organisms. 

Suspensions  in  water  were  made  of  a  48'hour  milk  culture  of  the 
lactic  bacillus  No.  104  and  also  of  48-hour  glucose  bouillon  cultures 
of  two  different  strains  of  liquefying  bacteria,  which  were  isolated 
from  poor  cheese.  This  particular  type  of  organism  has  not  been 
found  in  good  cheese.  Small  flasks  of  milk  were  inoculated  with 
various  dilutions  of  these  suspensions,  as  given  in  Table  23.  Since 
the  results  from  the  two  experiments  were  similar,  the  figures  for 
only  one  of  them  are  given. 

Tadi.e  ^&.—Aisociative  action  of  lactic  JMclUi  and  a  Uquefying  organism. 
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It  will  be  seen  that  in  2  days  the  production  of  acidity  was  accel- 
erated in  the  cultures  which  received  an  inoculation  of  the  liquefier. 
This  was  more  pronounced  in  3  days,  but  less  pronounced  in  7  days, 
when  the  flask  which  received  no  inoculation  of  the  liquefier  showed 
only  a  small  amount  of  acidity  less  than  the  flasks  inoculated  with 
both  cultures. 

Other  experiments  were  made  with  cultures  of  coccus  forms  iso- 
lated from  cheese.  The  liquefying  action  of  these  was  not  pro* 
iiounced,  yet  they  exerted  a  stimulating  effect  on  the  lactic  bacilli. 
Reference  to  the  coccus  forms  found  in  cheese  will  be  made  later. 


SOLVENT  EFFECT  OH  HILK  FBOTEINB. 

Von  Freudenreich  was  the  first  to  demonstrate  the  fact  that  lactic 
bacilli  exert  a  digestive  effect.    The  same  action'  was  shown  for  cul- 

'  Uanball.  CbKilM  E.,  and  VtifaaA,  Bell.  Bacterial  aaaoclatlona  Id  the  soDrtof  of 
inllk.  Michigan  Asricultural  Eiperlment  Station,  Elpeclal  Bnllettn  42.  Eait  I^nilnn, 
Mar.,  1B08. 

1  Haatlngs,  B.  O.,  Hammer,  B.  W.,  and  Hoffman,  C.  Studies  on  the  bacterial  and 
leucocyte  content  of  mitk.  WlscouBln  Afrlcnltunil  Eiperlntent  Station,  E«aear«b  Bolletln 
ft.     Hadleon,  Jnnp,  19A9.     Bee  p.  202. 
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tnrea  isolated  from  milk  and  has  also  been  demonstrated  by  more 
recent  investigatore. 

The  solvent  effect  of  8  of  the  cultures  studied  has  been  determined 
by  the  analyses  of  milk  cultures  after  8  months'  incubatiou.  The 
results  are  given  in  Table  24. 

Table  24. — The  aoUenl  effect  of  lactic  ttacilU  on  mUk  protHnt. 
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COCCUS  FORMS  IN  CHEDDAR  CHBBSB. 

Several  investigators  have  mentioned  coccus  forms  in  relation  to 
cheese  ripening.  Von  Freudenreich  and  Thoni  *  found  regularly  a 
liquefying  micrococcus  in  quite  large  numbers  in  fresh  Enunental 
cheese.  They  made  a  number  of  experimental  cheeses,  using  this 
type  of  organism  alone  as  a  starter  or  together  with  lactic  starters. 
They  concluded  that  when  present  in  too  great  numbers  the  liquefy- 
ing micrococci  produced  bitterness,  but  that  they  disappeared  quite 
rapidly  in  practical  cheesemaking.  Gorini  *  isolated  a  coccus  with 
the  pr(^rty  of  peptooizing  casein  in  an  acid  medium  from  Grana, 
Emmental,  and  Edam  cheese.  He  found  these  forms  not  only  in  the 
fresh  cheese,  but  in  cheese  several  months  old.  He  thought  that 
they  were  not  all  of  the  same  type,  and  he  related  them  to  the  normal 
flora  of  the  udder.  In  a  more  recent  publication*  Gorini  states  that 
later  investigations  have  confirmed  his  opinion  that  acid-producing 
pepttmizing  ferments  are  important  in  the  ripening  of  cooked  cheeses 
and  that  the  fundamental  flora  of  Grana  and  other  cooked  cheeses  is 
composed  of  two  types  of  bacteria;  (1)  lactic  acid  bacteria,  and  (2) 
acid-producing,  peptonizing  ferments.  In  the  latter  class  he  in- 
cludes bacillus  forms  with  those  properties  and  divers  types  of  cocci. 

No  reference  to  coccus  forms  having  been  found  in  considerable 

'Van  FreadCDKlch,  Bdward,  and  ThSnI.  J.  Sar  Im  bscterlM  da  Inlt  oarcnBl  ct  lenra 
isppoMB  avec  la  maturatloa  de*  fromag«a.  Revue  OfnCrale  du  Lalt.  ml.  2,  No,  11.  pp. 
241-247.  Mar.  IS;  No.  IS,  pp.  2T1-380.  Uar.  30,  Llerre.  1003. 

•GorlDl.  C.  Sur  U  pr««eiice  d«  bactede*  prodoctrlcea  d'addltC  et  de  prtenre  daoi  les 
tromasvs  en  maturation.  Rue  O&^rale  du  Lalt,  vol.  3>  No.  !2,  pp.  GOS-SIO.  Llerre. 
Aug.  31.  11)04. 

•Gorini.  C.  BtudI  aulla  tabbrlcatloiie  del  tromagiEl  Gran*,  ecc.  Itklj-Hlnlatera  di 
Agrlcoltara,  Indualriae  Commercls.  Bollettloo.  Anno  9,  rol.  1,  ser.  C,  No.  6,  pp.  9-17. 
Bome,  Juuc.  1010. 
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numbers  has  been  made  in  the  literature  oa  Cheddar  cheese.  Hard- 
ing and  Prucha '  report  the  presence  of  acid-producing,  liquefying 
coccus  forms  in  9  out  of  10  cheeses  studied.  They  state  that  these 
forms  occurred  suffidently  often  to  suggest  t^at  they  might  play 
some  part  in  the  ripening  changes,  but  that  they  made  little  headway 
in  the  cheese,  and  their  number,  as  compared  to  the  total  germ  con- 
tent of  the  cheese,  was  relatively  insignificant. 

Coccus  forms  which  produce  a  small  amount  of  acidity  were  oc- 
casionally found  to  be  the  predominating  type  of  organism  in  the 
cheeses  studied,  as  shown  by  the  milk  cultures  from  high  dilutions 
of  the  cheese.  tTnfortnnately,  with  the  dilutiui  method  of  analysis 
this  type  can  he  differentiated  only  when  it  predominates,  for  if  it 
occurs  in  a  culture  with  the  other  cheese  organisms  it  can  not  bei 
distinguished  with  certainty  frtsn  the  Bacterium  lactis  acidi  type  in 
a  microscopic  preparation,  and  the  titration  of  the  milk  gives  no 
information,  'since  its  production  of  acidity  is  less  than  either  the 
lactic  bacilli  or  Bacterium  lactis  acidi.  However,  this  type  has  been 
found  to  predominate  at  some  time  or  other  in  11  of  the  13  cheeses 
examined  by  this  method. 

In  4  of  the  11  cheeses  the  maximum  number  of  coccus  forms  found 
was  100,000,000  per  gram,  in  4  other  cheeses  1,000,000,000,  and  in  the 
3  remaining  10,000,000,000  per  gram.  The  time  at  which  they  pre- 
dominated varied  from  the  14th  to  the  16l8t  day.  This  would  indi- 
cate that  they  increase  early  in  the  ripening  period  and  maintain 
such  numbers  for  a  considerable  period.  The  coccus  forms  have 
more  or  less  of  a  liquefying  action  on  gelatin;  n  few  show  a  decided 
action,  stnne  none  at  all,  while  the  maj(»ity  produce  a  minute  de- 
pression in  the  gelatin  around  the  colony.  Their  action  is  not  com- 
parable  #ith  that  of  those  organisms  usually  classed  as  liquefying 
bacteria.  They  produce  small  crystals  in  milk  that  uiables  one  to 
differentiate  them  from  Bacterium  lactis  acidi.  The  nature  of  these 
crystals  has  not  yet  been  determined. 

The  various  cultures  produced  acidities  in  milk  varying  from 
0.36  to  0.80  per  cent. 

As  has  been  previously  mentioned,  all  of  the  colonies  from  a  cir- 
cumscribed area  on  the  kctose-agar  plates  prepared  from  the  cheeses 
last  examined  were  inoculated  into  milk.  The  formation  of  the 
crystals  was  used  to  distinguish  the  coccus  forms.  In  some  cheeses, 
especially  those  with  a  low  germ  content,  the  cocci  have  made  up 
from  10  to  40  per  cent  of  the  bacteria  as  determined  by  lactose-agar 
plate  culture.  In  other  cheeses  they  have  not  been  detected  in  many 
of  the  examinations  made,  and  when  found  were  in  minor  numbers. 
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It  should  be  mentioned,  however,  that  this  method  of  detecting 
the  Tarioos  kinds  of  oi^nisms  in  cheese  is  subject  to  considerable 
error,  especially  wheii  certain  forms  are  present  in  much  smaller 
numbers  than  othra-  forms,  as  is  the  case  with  the  coccus  forms  as 
c<Hnpared  with  the  lactic  bacteria  of  both  groups  in  many  of  the 
cheeses  examined.  The  error  can  be  reduced  by  making  subcdltuies 
of  a  greater  number  of  colonies.  By  the  eztfsiaion  of  this  method 
or  by  the  use  of  some  differentiating  medium  they  may  be  shown  to 
make  up  a  considerable  part  of  the  flora  of  normal  Cheddar  cheese. 

CHBOICOOENIC  COCCI.  . 

The  chromogenic  cocci  can  be  distinguished  <»i  the  plate  culturee 
when  they  are  present  in  appreciable  numbers.  In  a  portim  of  the 
work  the  number  of  coltHiiee  of  chromogens  appearing  on  gelatin 
plates  was  determined.  The  results  seMoed.  to  indicate  a  relative 
increase  late  in  the  ripening  period.  As  has  previously  been  pointed 
out,  it  is  impossible  to  determine,  in  the  case  of  any  group  of  organ- 
isms for  which  no  means  of  differentiation  fmn  other  groups  has 
bem  found,  whether  growth  is  taking  place  in  cheese  or  not 

It  is  characteristic  of  the  chromogenic  cocci  that  tbey  persist  and 
possibly  grow  under  c(mditions  which  rapidly  destroy  less  resistant 
types.  They  are  present  in  butter,  in  wliich  food  material  is  limited, 
and  in  which  the  moisture  represents  a  saturated  solution  of  sodium 
chlorid.  ^SortB  were  made  to  determine  their  number  in  cheese  by 
plating  on  gelatin  containing  3  or  4  per  cent  of  sodium  chlorid.  The 
results  were  quite  satisfactory  as  far  as  the  chnnnogenic  types  were 
concerned,  but  since  many  other  coccus  forms  did  not  grow  therecm 
its  use  was  given  up. 

In  some  cheeses  very  few  chromogenic  forms  have  been  found, 
while  in  others  of  similar  quality  they  have  been  present  quite  con- 
sistently in  considerable  numbers.  In  cheese  which  contained  m(»« 
than  the  usual  amount  of  salt  they  made  up  a  relatively  greats  pro- 
p<ntion  of  the  flora  than  in  other  cheese. 

UQUEITlNa  OHOANISHS. 

Attention  has  bera  directed  to  those  organisms  that  show  a  pro- 
nounced liquefying  action  on  gelatin  and  casein.  The  results  have 
been  confirmatory  of  a  statement  made  earlier  that  they  can  not  be 
cfHisidered  of  importance  in  the  ripening  of  Cheddar  cheese  since 
they  are  not  c<Hisistently  present  in  sufficient  numbers  to  exert  any 
effect. 
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THK    SEQUENCE    IN    DBVBLOPHENT    OP    BACTEKIAL    GROUPS    IN 
CHEDDAR  CHBISS. 

In  the  first  part  of  this  bulletin  it  was  stated  that  the  normal 
ripening^  of  each  kind  of  cheeese  is  to  be  looked  upon  as  a  problem 
in  the  ecology  of  micnxH'ganisms,  and  that  the  only  group  of  organ- 
isms which  has  been  found  by  previous  investigators  in  eveiy 
Cheddar  cheese  in  great  numbers  is  the  Bacterium  lactis  acidi  group. 
The  work  herein  reported  proves  that  another  group  of  bacteria,  the 
so-called  B.  htUfforicug  group,  develops  after  the  first,  and  that  it 
readies  approximately  equal  numbers. 

Each  of  these  groups  pf  organisms  produces  certain  changes  in  the 
cheese  mass,  consuming  the  same  class  of  substances  and  giving  out 
Uie  same  by-products  in  every  cheese  which  ripens  normally.  The 
second  group  takes  up  the  work  of  decomposition  at  a  certain  stage 
of  the  ripening,  and  brings  about  its  own  peculiar  changes  which 
prepare  the  cheese  mass  for  possibly  still  other  types  of  organisms, 
and  so  on  to  the  end  of  the  ripening. 

If  a  certain  sequence  of  groups  of  microorganisms  is  essential  for 
the  preparation  of  a  certain  product  from  raw  material,  and  if  the 
various  members  of  the  sequence  find  favorable  conditions  for  growth 
in  the  raw  material,  the  resulting  product  will  depend  on  the  first 
member  of  ihe  normal  sequence  developing  to  the  necessary  degree 
beforo  the  second  appears.  If  the  first  is  overwhelmed  by  the  addi- 
tion of  great  numbers  of  the  second,  the  dectxnposition  changes  will 
not  be  normal.  The  presence  of  great  numbers  of  organisms  of  the 
first  member  of  the  sequence  will  not  cause  a  disturbance  in  the 
normal  decomposition  changes.  Thus,  in  the  manufacture  of  Ched- 
dar cheese,  cultures  of  Bactervum  lactis  acidi  are  added. 

Tlie  oliier  essential  groups  of  microorganisms  are  present  in  the 
milk  in  small  numbers,  but  as  conditions  become  favorable  they  de- 
velop in  the  cheese,  and  a  typical  Cheddar  cheese  results. 

If  heavy  inoculaticHis  of  lactic  bacilli  are  made  in  milk  which  con- 
tains a  small  number  of  BacteriuTn,  lactia  acidi  the  normal  ecological 
balance  will  be  destroyed,  and  the  result  will  not  be  a  normal  product. 
Experiments  have  been  made  along  this  line  by  the  use  of  milk  which 
has  been  pasteurized  in  such  a  maimer  that  the  result  has  been  the 
great  reduction  of  all  groups  of  bacteria  therein,  but  the  total  destruc- 
tion of  none.  In  its  decomposition  such  milk  is  similar  to  raw  milk, 
which  contains  but  few  bacteria.  If  cheese  is  prepared  from  such 
milk  after  the  addition  of  a  culture  of  Bacterium  lactis  acidi,  it  may 
ripen  in  a  quite  normal  manner.  The  development  of  the  flavor  is 
usually  slower  than  in  a  cheese  made  from  raw  milk.  If  to  this  same 
milk  is  added  a  culture  of  lactic  bacilli  instead  of  Bacterivm,  lactis 
acidi,  the  ripening  is  not  nearly  so  normal.  The  result  is  an  inu%ased 
rate  of  ripening  and  the  production  of  an  abnormal  flavor. 


jogic 


62  BAGTEBIOLOQY  OP  OHEDDAB  CHEEBB. 

This  work  also  indicates  that  it  is  often  useless  to  attempt  to 
c^ablish  the  role  of  any  organism  in  cheese  ripening  by  the  addition 
of  cultures  to  the  milk  to  be  used,  since  thereby  the  natural  equi- 
librium is  destroyed,  and  the  results  obtained  indicate  that  the  addi- 
tion has  injured  the  product,  and  hence  the  conclusion  is  drawn  that 
the  organism  added  is  not  only  not  essential,  but  even  harmful, 
although  the  ot^ganism  may  be  an  essential  factor  in  the  dec(Mnpo8i- 
tion  changes  when  developing  in  its  normal  sequence. 

The  constant  presence  in  large  numbers  is  the  only  certain  proof 
of  the  importance  of  an  organism  or  group  of  organisms  in  the 
ripening  of  any  cheese. 

SUMMARY. 

1.  From  the  same  raw  materials  various  kinds  of  cheese  are  pre- 
pared, which  differ  especially  in  flavor.  The  factors  that  determine 
whether  a  cheese  to  be  prepared  from  a  given  mass  of  milk,  rennet, 
and  salt  is  to  be  of  one  kind  or  another  are  to  be  found  in  the  methods 
of  the  cheese  maker,  who  is  able  to  vary  in  one  way  or  another  the 
composition  of  the  cheese,  with  the  result  that  conditions  are  estab- 
lished that  ftLvac  or  retard  the  growth  of  the  groups  of  micro- 
urganiems,  which  must  be  the  determining  factc»«  between  different 
kinds  of  cheese. 

'2.  The  only  group  of  bacteria  found  constantly  in  great  numbers 
in  Cheddar  dieese  by  previous  investigators  is  the  Bacterium  laetia 
acidi  group.  The  functions  of  this  group  in  Cheddar  cheese  are, 
through  tiieir  chief  by-product,  lactic  acid — 

(a)  To  favor  the  curdling  of  milk  by  rennet. 

(i)  The  bacteria  of  the  milk  are  held  in  great  part  in  the  curd. 
Through  the  acid  they  influence  the  shrinking  of  the  curd  and  expul- 
sion of  the  whey, 

(c)  The  acid  so  changes  the  nature  of  the  curd  as  to  cause  '*  mat- 
ting." 

(d)  The  a<Md  activates  the  pepsin  of  the  rennet  extract. 

(e)  The  acid  prevents  the  growth  of  putrefactive  bacteria  in  the 
cheese, 

3.  It  has  been  shown  that  Bacterium  lactis  acidi  is  able  to  form 
acid  in  the  absence  of  the  living  cell. 

4.  The  development  of  Bacterium  laetia  acidi  is  followed  by  the 
growth  of  another  group  of  acid-forming  bacteria,  the  Bacillus  Bvl- 
ffaricus  group.  They  reach  numbers  comparable  with  those  of  the 
first  group,  reaching  their  maximum  numbers  within  the  first  month 
of  the  ripening.  Since  they  develop  after  the  fermentatitm  of  the 
sugar,  they  must  have  some  other  source  of  carbon  and  of  energy 
than  milk  sugar. 

5.  It  is  probable  that  coccus  forms  are  constantly  found  in  laige 
numbers  in  Cheddar  cheese, 
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